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J'^STRACT 


There are a number of instances wherein a 
selective signalling system has to v^rork only in 
a confined area of space or locality like for 
example a multi-storeyed building, a-. . hospital, 

Pf a small fac.tcry, or a construction site. Sele- 
ctive signalling finds application in paging and 
remote control fields. An attempt has been made 
here-in to develop a methodology for the design 
of a system which uses an inductive loop around 
the area. The intelligence is moved by means of 
a carrier frequency in the LF range. The receivers 
contained within the area operate on the principle 
of induction, A prototype transmitter and receiver 
have also been fabricated and this paper includes 
the design criteria employed in their constiruction. 



CHAPTER 1 


GENERAL SYSTEI! CONSIDEPJ^TIONS 


1.1 AIM 

To design and develop a prototype for a selective 
signalling system which is capable of c^eration within 
a confined area of space or locality and V7hich can be 
used for paging or remote control applications, 

1.2 INTRODUCTION 

There exists various techniques for remote accessing 
of any one selected address from out of many by employing 
communication principles. Such a selective addressing 
system has applications in the fields like paging, indus- 
trial telemetering and remote control etc. In a district- 
wise paging system for example, any one subscriber out of 
possibly a few thousands can be selectively contacted 
from a base control station. In rern.ote control applications 
selective addressing may be employed for controlling 
numerous machine functions. The various techniques differ 
according to the frequency, modulation and decoding 
methods employed. The choice of frequency is invariably 
dictated by the available slots in the existing frequency 
spectrtim whereas the modulation and decoding schemes are 
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factors mostly influenced by desired receiver Size, no. 
of addresses, availability of simple and reliable hardware 
and cost. 

There are numerous instances wherein it would be 
sufficient if the selective signalling system works only 
in a confined area of space, e.g. paging systems for 
hospitals, small factories, commercial warehouses, cons- 
truction sites, summoning drivers from parking lots etc. 
Situations where selective signalling could be used for 
remote control/comjnand purposes are controlling of 
certain machines on a shop floor, industrial processes, 
hobby flying, controlling model trains and boats, adver- 
tisement and educational displays , remote handling of 
radio isotopes in a nuclear establishment, remote control 
of patient monitoring equipment in a hospital etc. As 
far as military applications are concerned there are 
numerous possibilities like alortina pilots for take off 
on intercepting or bombing missions, selective blasting 
of mines, remote control of target equipments for rifle 
firing practices, command and control of gxin position 
etc. 

The aim of the project being as that stated already, 
let us review some of the existing systems and look at 
Other possibilities before making a choice. 
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A 150 tiCs PERSONAL RADIO PAGING SYSTEM 
Basically this experimental system extends the 
telephone bell to the customers pocket. Three trans- 
mitters are installed in the lower part of r^i^HHATTAN , 

New York City, to give coverage to practically all loca-= 
tions belovr 59"*^^ street. The range ia^ about 4-1/2, feile?. 
THis system provides direct customer dialling. It 
caters for 3200 subscribers. Audio tones are employed for 
coding. Decoding mechanisms in the receivers are reed 
relays. Even with 250 watt transmitters cind high perfor- 
mance receivers the range into modem steel reinforced 
buildings is only about one and a half miles and into big 
city streets it is about five miles, 

1.4 CITY hide personal SIGNALLING AT ALEENTOWN-BETHLEHEM ( 2) 
This system enables a subscriber to reach a called 
party even if he is not in the immediate vicinity of his 
telephone. There are two AT! transmitters having an output 
of 250 watts each operating in the 35 me band. Coding 
is done by 9 different audio tones V7hich range from 160 cps 
representing digit 1 to 301.10 cps which corresponds to 
digit 9. The choice of audio frequencies was dictated by 
the decoding mechanism^in the receiver which vrere tuned 
vibrating reeds. The audio tones corresponding to the 
digits of the desired code to be transioitted are sent as 
bursts of 0.5 seconds duration each v;ith a gap of 0.15 
seconds between bursts. There is a guard band of 3.2 secs, 
between code groups. The number of subscribers is 3200, 




Outdoor range is from 3 to 5 miles with receivers having 
a sensitivity of 40 to 56 db above 1 microvolt per meter. 
The range into buildings is 0.5 to 1.0 mile on the first 
floors. 

1.5 POCKET BELL PERSONAL RADIO SIGNALLING SERVICE ( 3 ) 

This is a nev? mobile radio service in operation in 
JAPAN with effect from July 1968. The system uses 150 14Hz 
for carrier frequency and the composite audio tone coding 
method using a number of voice frequencies. Frequency 
modulation has been employed. For a radius of coverage 
of 20 KI4s, there are 8 distributed base stations each 
transmitting 250 watts of power simultanebvsly i The 
system can cater for 10,000 subscribers in one channel. 

1.6 SELECTIVE PAGING SYSTEM USES CODED TPANSMISSION (4) 

This system operates on the principle of induced 
magnetic field. A loop antenna surrounds the area or the 
building to be covered and is excited by a transmitter. 

Upto 45 individual addresses may be selected. Selected 
receivers attract attention by a buzzer or flashing lamp. 
The calling signal consists of a. selected carrier frequency 
keyed on and off at a, predetermined rate as shov'jn in 


chart below. 
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First digit 

Carrier fc 

Second digit 

T(secs) 

1 

16 KHz 

1 

1/76 

2 

20.6 KHz 

2 

1/84 

3 

18 KHz 

3 

1/92 

4 

24 KHz 

4 

1/100 

5 

28.8 KHz 

5 

1/111 



6 . 

1/124 



7 

1/135 



8 

1/147 



9 

1/162 


For example receiver ntimber 24 is tuned to a carrier 
frequency of 20,6 KHz at a repetition tone of 1/100 of a 
second. Decoding at the receiver is done by resonant reed 
relays . The keyed RF carrier is picked up by a ferrite 
antenna at the receiver and amplified. When the incoming 
pulse rate is the same frequency as the resonant reed, 
the relay contacts interrupt current flowing through a 
miniature loud speaker to cause an audio tone to be 
generated. The receivers require a field strength of 
50 X 10”^ certedts and uses two rechargeable batteries 
of 150 ma hours. 

1.7 BUILD 'T-'^’UBSBATOR (5) 

r T mil * 

This idea affords freedom of movement to hinjn^ 
as they are relieved of the necessity to sit tied dov'm 
to their receivers in anticipation of a call. The audio 
output of the receiver is directly fed into a loop and 
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the listener carries a pocket receiver and can freely move 
around within the loop. The transmitting loop and the 
receiver loop act as a transformer. With transmitting 
loop wound aroxond the main floor, excellent rect^ption 
was obtained, from basement to attic of a typical 3 storey 
brick structure. 

The 100 row output from, a conventional pocket 
receiver was used to poxA/er a 30' x 50' loop. A good 
magnetic field was found 25' above the loop (It m.ight have 
been higher but the house was'nt!). 

1. 8 KEEPS TO BE FULFILLED BY A COmUNI CATION LINK (7) 

When one starts contemplating the esteJ^lishment of 
a communication link the following major factors are to 
be reckoned with before deciding on the choice of the 
particular system. 

(a) Intelligence to be moved 

(b) Reliability of the communication link 

(c) Worst case signal condition expected 

(d) Geographical considerations 

(e) Frequency and Bandwidth available 

(f) Power levels to be handled 

(g) No of subscribers to be catered for 

(h) Future expansion 

(i) State of the art in hardware technology 

(k) System economics. 
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1.9 CHOICE OF SYSTEM FOP. THE APPLICATION IN MD 

ITS rational: 

thrco 

As opposed to the first/paging systems discussed 
above, in the present case of selective signalling the 
major need is the operation of the system within a 
confined, area of space or locality whose boundaries are 
clearly known before hand. While the intelligence to 
be moved (i.e. some form of code which decides the address 
to be accessed) remains more or less the same as in the 
above cases, the area of coverage and the number of 
addresses to be catered for per channel would be a known 
quantity and substantially less. The small size of the 
service area offers further advantages in the sense that 
the power levels to be handled are considerably less and 
the vrorst case signal condition to be expected is a 
quantity that can be evaluated precisely. With a priori 
knov'7 ledge of these quantities, the extent of hardware 
dependability would be a factor which decides the system, 
reliability to a greet deal. 

The frequency and banavridth to be employed in commu- 
nication links are bound by certain international rules 
and regulations and hence the choice is perforce res- 
tricted. The existing RF spectrum is already over 
congested and as sxach ITU allocation permits only the 
use of 50 to 54 mz, 144 to 146 MHz and 146 to 148 MHz 
slots in the VHF range for use by araateura. The 
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communication link at these frequences is by line of 
sight (LOS) and hence suffer from relatively large diffrac- 
tion losses due to obstacles. Because of this the power 
requirements have to be high. Also power transistors 
at these high frequencies are difficult to obtain indi- 
genously. Besides the transmitter and receiver construc- 
tion is inherently complex. Hence for a confined area 
of space not much benefits are to be obtained by the use 
of VHP. 

Alternatively one can use the LF range where the 
spectrum is less crowded. The major drawback of LF 
communications is that both the transmitting and receiving 
antennae have to be very long as the wave lengths are in 
the kilometric region. However, this does not prohibit 
the use of a thin conductor of V7ire strung around the 
limited area of space to act as a transmitting loop of 
vjire. Moreover very Ict; loss ferromagnetic core 
materials are availaljle these days ^^7hich have very high 
permeability and are capable of operation from DC to 
1000 KHz. Use of such a core material in the receiver 
would reduce the size of its antenna. 

The transmitting loop of wire could carry a current 
with , a frequency of a few tens of kilohert^with the 
receivers being located within the confines of the 
area (and to a certain extent outside also) and vrorking 
on the principle of magnetic induction. In a multi storeyed 
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building for example the conductor of wire could be 
concealed in wall or ceiling iriou.ldings , By making the 
trensraitting loop's length of the order of X/10, current 
at any two points along the entire length of the conductor 
can be considered to be inphase, ^■^hen two parallel con- 
ductors carry current which are in phase but v/hich flow 
in opposite directions, the magnetic field produced is 
additive in nature in the space between the conductors 
and tends tc progressively cancel out at larger distances 
external to the conductcr. The length of the loop of wire 
being kept a small fraction of the wavelength, it vrill be a 
poor radiator and hence will not adversely affect other 
systems operating in the same frequency range much outside 
the I 0 CT 1 . 

The advantages of a such system, would be - 

(a) Relatively lower power levels 

(b) Easier allocation of the communication link 
frequency (it appears that licensing may not 
even be necessary) 

(c) Simplicity c.'f transraitter and receiver cons- 
truction. 

(d) Relative freedom in the choice of bandwidth. 

(e) Greater reliability owing to less liability 
to diffraction, fading, atraospherics etc. 

(f) Greater economy. 

Other characteristic technical considerations are 
discussed in chapters to follow. With the foregoing 



10 


c!.iscussiGns in mind, it vras clecidecl to set up an experi~ 
mental loop employing a frequency in the super audio range 
V7ith receivers working on the principle of magnetic 
incucticn, in the next chapter various preferred tech- 
niques that are employee in this system are discussed 
indicating the rationale behind, each choice. 



CHZ'.PTEP 2 

SYSTEI'! CHABACTERISTICS and SPECIFICATIONS 

2.1 Before one fcianulates the system specifications, it 
is necessary to make a comparative study of techniques 
available in order to effect an appropriate choice of the 
system parameters. 

2.2 FREQUENCY 

As already stated in Chapter 1, the envisaged 
receiver works on the principle of induction using the 
near field of the loop antenna of the transmitter. In 
order to ensure that there are no nulls in the magnetic 
field within the loop, it 4-s required that the current he 
in phase between any two picints on the loop. A.s a thumb 
rule for this purpose normally a conductor which is not 
longer than a tenth of the wave length is adopted. 

Going above 0 to 20 KEz in the audio spectrum to avoid 
interference in this range one can use frequencies upto 
200 KHz. Behond 200 KHz the allocation is reserved for 
aeronautical aids and from about 525 KHz commercial broadcast 
spectrum, ccmraences. For a loop length of say 400 meters, 
the frequency to be employed, according to the thumb rule 
works out to be 75 KEz. 


11 
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2 . 3 ENCODING MD DECODING Cl®) 


Thera are nunerous ways in vrhich intelligence can 

i4« 

be coded and moved by using a carrier freqncy. The 
summary below indicates various methods available for 
this purpose. 


SI. Information or Accessing Decoding 

No. Intellegence .Method 


1 


Audio tones or Mechanical/Electrical Pesonent reeds, 

bursts resonance L.C. tuned 

circuits ,PC 
bridge 


2 Variable EF 

3 Variable pulse 
delay 

4 Pulses 


Electrical resonance LC tuned circuit 

Delay reference betvreen Electrical/ 
cede and reference 'acoustical delaj 

pulses lines 

Discrete combination Electromagnetic 

of positive and storage devices 

negative pulses 


5 A series of pulses Counting techniques Electronic 

coiinters 

In what follows vre shall briefly see the underlying 
techniques of each of the aJoove methods of encoding and 
decoding and the associated, advantages and. disadvantages. 
2.4.1 Resonant Reed System 

Usually a number of audio tones are employed for 
coding and PF is used, as a carrier. The choice of audio 
frequencies chosen is ddetated by the electromechanical 
decoders in the receiver which are tuned, vibrating reeds. 
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The reeds may be sequentially excited or simultane^ously 
(by using some storage elements) . The coding capacity in 
such a system is given by Cf = where N is the total 
number cf resonators and ni units are used in the decoder. 
In a simultaneous system holds The main advan- 


tage of this technique is that the state of the art is 
relatively old. Illso seme of the electronic hardware is 
dispensed with as the recoding mechanism is non-electronic. 
The disadvantages are - 

(a) The interface between the mechanical resonator 
and electrical driving circuitry is quite 


inefficient. 

(b) The mechanical reeds cannot match the order 
of reliability obtainable by using electronic 
equivalents . 

(c) Physical size of the reeds restricts the number 


of them that can be used in a miniature receiver, 

(d) For resonance to be achieved the duration cf 
the excitation has to be sufficiently long. As 
such it imposes an upper limit on the call 


handling capability of the system. For example 

with a 3 digit system, a maximum of cibout 12 

code groups per minute can only be transmitted 

caterincf for a 0.5 sec. duration of each of the 

and 

three audio tonesZan intertone gap of 0.15 sec 
cind. a guard band of 3.2 secs between each-code 


group 
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2.4.2 Varia-ble RF 

The B,F spectrum coulc^ be c^ivirled into a nuitiber of 
transmitter frequencies with fixed tuned receivers. 

However considering that only 5 lUz slots are available 
in the VHF range ^ the receiver tuned circuits will have 
to be cesigned. for very narrow banclwidths emd the 
resulting Q's will be non practical to achieve. 

2.4.3 Use of Pulses 

One can resort to a digital system using a coitibi- 
of 

nation /discrete binary values of 0 and 1 for purposes 
of coding. The inherent advantage of the digital system 
over the analog system is one of accuracy. In such a 
system the number cf digits required for accessing any 
one cf .?!■. receivers must be equal to the smallest integer 
greater than or equal to the base 2 cf P, 

The digital system, has a disadvantage that it is 
relatively more complex. However/ such considerations 
donct pose any limitations owing largely due to the 
present day state of the art. With the advent of digital 
integrated circuits complex digital circuitry lend themsel^vea 
for easy assembly merely by the use cf ICs as building 
blocks. Cost and pCT«rem-7ise also they are ccmparab le to 
analog devices. Use of these ICs make possible minia- 
turisation. 

2.4.4 Variable Delay 

Code correspondance is obtained by using the variable 
delay between a reference pulse and a coding pulse. 
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The ceding delays. are of the order of milliseconds. Hence 
lumped circuit and piezo electric precision delay lines 
occupy a large space in a receiver. 

2*^*5 Series of Pulses 

This compares favourably T/ith the binary coded system 
enumerate-d at para 2.4.3. In this technique a predeteirmine 
number of pulses are sent. T.t the receiver code cerres- 
pcndance is indicated when the count matches the presepit 
number. The number of pulses sent is on an average 20 
times that in the binary code system. Hence it is mere 
prone to bit error. 

2,4.6 Humber of Pulses Equals Digit (NOPED) 

This is a slight modification to the above system 
of a series of pulses. A number of pulses equal to each 
of the decimal digits of the address with necessary 
inter digit gap is transmitted. At the receiver a counter 
keeps a count of the pulses corresponding to each of the 
digits. CqSo- correspondance is obtained when the inc-V^^- 
ing code matches that which is preset in the receiver. 

This method is quite feasible and reliable and is more 
attractive in raany v^ays to the series of pulses technique 
described above. Hoi'^rever hardware realisationwise it is 
a little more involved than the binary coded pulse system. 
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2.4.7 Choice of Encoding Technique 

In viev7 of the foregoing discussion the choice was 
made in favour of the binaacy coded selective signalling 
technique. It is the most suitable because of its 
reliability, relative simplicity of encoding and decoding 
and its adaptability to future exapansicn. System cost 
and effectiveness wise cilso it appears to be the best 
compromise. 

2 . 5 CAPRIBR KEYING r:IETHOD C€>) 

There are three basic methods known as - 

(a) 'ON-OFF' keying 

(b) Frequency shift keying (FSK) 

(c) Phase shift keying (PSK) 

These three methods are illustrated in Figure 1(a) 
to 1(c). Let us now briefly analyse the techniques with 
a view to choosing the one that meets the requirements 
in the present application. 

2.5.1 Ca?-OFF keying 

zm audio tone oscillator is used to switch the carrier 
ON or OFF depending upon the code. The oscillator is 
usually permitted to run continuously to maintain frequency 
stability and the amplifier is turned ON and OFF to transmit 
the mark and space pulses. The amplitude of the signal 
changes from, a maximum amplitude as delivered, by the 
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Mark 


fijiiiBil 

stelf 


Space 

/ 

/ 

tJ 






DC Keying Signal 




ih 


ill Transmitted tone 


carrier 

Figure ] (a) ; AM Tone Carrier cr 'On-Off keying Method 


J'^ark Frequency 


./V 


/ '1; iw i / 1 /i ui/;| tt.'ii! ri /!/ 

Figure 1(b) : Frequency Shift Keying (FSK) 


Space Frequency 

'■ .i fr- 


DC Keying Signal 


OSC 


\ /"'\ A 

> / I / \ 


/ ' ^ ^ A '1 

J \ j 'V/ U \j / I 


INV 


1/1 




Basic Oscillator and Inverter Signals 


DC Keying Signal 


A /i 


\ A 





180° Phase Shift 


/' / 

V./ V 1; lA \J 

Figure l(c) ;Phase Shift Keying 

(In PSK space is transmitted, as a steady signal from either 
oscillator, while mark is transmitted as a 180° phase shift) 
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araplifier to no amplitude when the transmitter is keyed 
off. The signa.l is amplitude modulated. It is to be 
noted that in m audio tone carrier the steady state no 
transmission period is usually called a space and. the 
keyed on data ares called marks. The m.essage is transmitted 
as a series of mark pulses. 

2,5.2 Frequency Shift Keying (FSK) 

The twO’ state mark-space data can be transmitted 
as two separate frequencies by use of frequency shift 
techniques. The basic oscillator of the amplitude 
m.odulating system is equipped, with two frequency determining 
ccmponents and these are switched. In this method, the 
amplifier is net keyed and an AC signal of either one 
or the other frequency is continuously transmitted. One 
of the oscillator fraquonodtesis transmitted continuously 
and corresponds to the steady state space condition. 

Pulses are transmitted by switching in frequency? changing 
component and transmitting a signal of different frequency 
but of the same cimplitude. As the keying signal does 
effectively raodulater the frequency of the carrier this 
system is some times called the FM. By convention the 
carrier frequency of transmission is assumed at the 
centre betvjeen the twe actual transmission frequencies 
even though the centre freqnency is net transmitted. 
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Silt'd larly the inark and space frequencies which are 
actually?' sent are defined as cycles of Senriation above 
or below the centre or carrier frequency. In certain 
specific applications the centre frequency is transmitted 
and detected. This is 3 state FSK with states defined 
as Mark, Neuter and Space. 

2.5.3 Phase Shift Keying (PSK) 

Unlike FSK and ill where a numJ^er of carrier cycles 
are required to transmit one cycle of data, PSK inserts 
one cycle of nark-space data into each cycle of carrier 
allowing the keying frequency to be the same as the carrier 
frequency. The 180° phase shift is made as the signal 
current passes through zero as shown graphically in 
Figure 1(c) . The PSK receiver contains a free running 
oscillator which is kept in synchronism with the incoming 
signal is compared in a phase detector circuit. If the 
incomincj signal phase is the same as the oscillator 
signal a space is received. If they are different a mark 
is received. 

2.5.4 Comparative Merits of the Three Keying Methods 

The hM tone carrier is the easiest to build and 
understand. It is entirely practical so long as the path 
noise is mj.nimal and the signal attenuation in the path 
is fairly constemt. However, when noise is high or the 
path losses vary widely FSK is preferred. 
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Tha FSK lias a number cf advantages over' the MA. 

The primary advantage is in the area of noise rejection. 

* 

Noise included or coupled into the signal during trans- 
mission is in the forn of an a.c. signal of completely 
random frequency and amplitude ^ Since the receiver 
is not frequency sensitive it may respond to such an 
unwanted signal reaching its input. Txiy signal arriving 
during a space time could be detected as a false mark* 

On the ether hand, in FSK unwanted signals of random 
frequency will not be recognized as the receiver keeps 
looking for only two specific frequencies. The natural 
selection of FSK is aided by the fact that one of the 
two frequencies is always present. Any spurious inputs 
must have sufficient power to override the mark or space 
signals to cause false outputs. For these reasons FSK 
will operate in worse signal to noise ratios. 

PSK offers considerable gain in the speed of 
transmission cf individual raark-space pulses. However 
it is more sophisticated, more difficult to maintain and 
requires a very good communication path. Its use is 
justified only in large sophisticated, digital telemetering 
systems or for data transfer work. 

2.5.5 Choice of Carrier Keying Method 

In the present application the communication path 
extends to only a confined area in which a certain minim.um 
field strength is maintained }.)y suitable transmitter 
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design. 'Only in an industrial environnent does one expect 
a lot of randcK noise, certain measure of noise rejection 
can be incorporated into the receiver by tuning to respond 
to only the carrier frequency and keeping the bandwidth 
fairly lev; . Also the receiver could be made to be immtine 
to noise to a certain extent by designing it such that it 
does not respond to noise of a transient n?iture or of ampli- 
tude less than a specific threshold value. A certain 
amount of redundancy if built into the procedure for 
transmitting and receiving, would, provide some safeguard 
against noise which is a]periodic in nature. 

CX*7ing to reasons stated alcove and because the Afl 
system offers the advantage of lower set up cost the 
use of carrier 'ON-OFF' keying seems to be suitable for 
the application in hand and will foe adopted, 

2.6 CODE KEYING TECTNIQUE C6) 

There are essentially tv70 methods of keying 
in a code namely the Return to Neuter keying (RTN) and 
the Non Return to Zero keying (NRZ) . Let us briefly 
touch upon these methods with a view to effecting a 
choice. Figure 2 refers to these two methods. 

2.6.1 RTN 

One may make a design decision that a 'O' bit and 
'!' bit will be of different durations to enatile 
identification. The bits are separated (for timing purposes) 
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by a brief period of space between each bit. 

Bit (LONG) '0' BIT (SHORT) ^ 



/ 

Timing info, inserted by space between bits 
Figure 2(a) ; ETN Ke^ying 

With this method of transmission, the carrier is 
allcwed to return to a neutral (space) condition between 
each bit. Since mark condition may be treated to signify 
a '1' and the space a *0', this technique is also some 
times called Return to Zero Keying (RT2) , The interbit 
separation should not be mistaken for a 'O' bit. 

2.6.2 HRZ 

The second method of keying is shov/n in Figure 2(b). 
This method of keying, is to assign a fixed time interval 
in which to transmit a bit and then to let mark be the 
binary 'I's and the space the binary 'O's 


Sync. Pulse bit (Mark) 



Figure 2(b): NRZ technique. 
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With this method no inherent synchronisation is 
assigned to each bit position. As such some receiver te- 
chnique has to be employee to recognise the bits of the 
code group. This is done by preceeding a group of bits with 
a unique anc preliminary character such as a long mark 
to provide the time reference required. This is sometimes 
called the start of Message (SOM) . It is necessary then, 
to have local receiving timers which are synchronous with 
the transmitter timer and which look at the incoming 
signal at each time interval to see if the incoming bit 
is a 'O' or a ' 1 ' . 

2.6.3 Choice of Code Keying Technique 

There are certain advantages and disadvantages with 
each of the two methods. If it is assumed that the 
carrier medium, can be keyed at some maximum rate (bit rate) 
then twice as many bits can be transmitted by the NRZ 
method because there is no need to return to neuter between 
each bit. However, with NRZ there m.ust be some reliable 
means of synchronization betvjeen the transmitter and the 
receiver. If the pulse train becomes longer the more 
stringent are the timing staJjility requirements . Since 
synchronous operation is essential, the transmitter and 
receiver should some how start together. This necessiafeatos 
a preliminary synchronisation time whiqh reduces to a 
certain degree the tv/ice as fast speed ratio. 
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Wit±i RTN,bit synchronisation information accompanies 
each bit and the circuit timing is less critical. Each 
bit is timed as it is received and the return to neuter 
betv7een bits is sufficient to tell the receiver that one 
bit is complete and to prepare for the next bit. As no 
synchronisation pulses are required this method is also 
called the synchronous keying. 

For a suitable choice one has to look at the overall 
system he has in mind. If both transmitter and receiver 
are operating continuously from a reference time, the PTZ 
method can be used. Hovrever, this technique involves 
generation of pulses of two different vjidths and inserting 
these in their respective places (in the time dcmain) in 
a serially transmitted code group. At the receiver means 
must exist for pulse vridth discrimination before the code 
is understood. Hardware wise it V7ill be involved. 

With the other method the transmitter and receiver 
need not be Off alx\7ays. The receiver may be made live by the 
long synchronising mark pulse and a local clock may then 
start up and scan the line at predetermined intervals of 
time to check if a '0* or a ’1' bit is received. After 
code transmission both transmitter and receiver may shut 
off. This technique is simpler in use, offers reduced 
complexity in hardv? are realisation and affords saving 
of power during non operate periods. This method therefore 
seems suitable and will be adopted. 
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2.7 POWER LEVELS 

The service area being small and the receivers 
being operated vrithin the near field of the transmitting 
loop, it is expected that the pcmex level cf the trans- 
mitter would be rather low and of the order of a few 
hundred milliwatts. If so necessary the magnetic 
field strength could be augmented by using more than one 
turn of the transmitting loop, individual turns being so 
positioned that the phase of the current is such that the 
magnetic field is additive. The magnetic field strength 
varies directly as the current flowing into the loop. 

The power needed in the loop depends upon the sensitivity 
of the receiver for any given area of space. By making 
the receiver most sensitive the transmitted pov;er could 
be reduced and vice versa. 

2.8 MOISE AND INTEPJFEREMCE 

It is well known that carrier to noise ratio required 
for a specific grade of service in a given radio system 
is dependant upon the characteristics of the noise as 
well as the modulation and demodulation techniques employed. 
In the present system where selective signalling is the 
prime criterion, degradation of voice signal due to 
noise does not merit consideration. One has to worry 
only, about the distortion of the binasry bits and the 
immunity of receiver to this distortion in making a right 
decision. As we have chosen the NP.Z technique of keying 
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in the code, there could be tendancy for inversion Of 
bits in the presence of impulse noise. There are chances 
that a ’O' will be received when a '1' V7as transmitted 
or a '1' is accepted \jhen a 'O' was actually transmitted. 
There is no tendency/ to pick up or drop bits for the 
receiver ift looking at the line only at these instants 
When it expects a hit to be there. This can be overcome 
by introducing certain redundancy in the procedure for 
transmitting and receiving as also keeping a certain 
threshold at the receiver. 

The prime sources of interference are of two types 
namely natural and man made. The natural sources are 
lightning, atmospheric static and thermal noise. Man 
made interference may be due to capacitive-and inductive 
coupling from poorer lines, sources of RF energy etc. 

The system in question is to be used in a restricted 
area and practically as an inplant selective signalling 
service. Besides loop length is not very large. Hence 
greater significance has to be attached to interference 
due to undesircible coupling from man made sources rather 
than atmospherics etc. The inductive fields generated 

I ' 

by pcvrer lines can induce relatively large signals in 
the transmitter loop. Open X'^rire lines are parti cuarly 
susceptible. This kind of interference is eliminated 
by tuning the transmitter and receiver antennas to the 
carrier frequency thereby rejecting the low povrer 
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frequency or its harmonics. 

RF energy sources (predoninant in industrial esta- 
blishments) have a broad spectrum and as such may cause 
interference. 'This could be avoided by having a fiarly 
lew bandwidth, and a reasonable receiver threshold. 

While talking of interference, consideration has to 
be given to likely effects the designed system' will have 
on adjoining systems like telephone service, conmercial 
broadcast receivers and other wireless communication links 
of the same frequency. The telephone system is a balanced 
(v 7 ith respect to ground) two v/ire system and any coupling • 
vrould ccincel out. Commercial broadcasting frequency 
spectrum starts from 525 kc/s upvrards and the carrier 
frequency in question of a few tens of KHz is not likely 
to cause any adverse reception. The radiated poi-zer from 
the loop will be sc negligibly small at distances comparable 
to the x«7ave length of the carrier frequency that it will 
not cause an;/ interference to other communication links 
operating- in the same frequenc;/ range. 

2.9 BMfPinPTH 

The limitation if any comes from consideration of 
only noise rather than due to ether factors like 
adjacent channel interference, speed of transmission, 
acceptable distortion etc. The transmitting antenna being 



28 


an open wire loop its Q will be fairly small thereby making 

-A 

the BW large. At the frequency of operation of say 80 KHZ 
with an assumed value of Q = 10, the BW would be 8 KHZ which 
is adequate. The speed of transmission in this application 
is not high and hence does not directly influence BW consi- 
derations. On the receiver side by using a loop antenna with^ 
a lovr loss ferromagnetic cC^re, a fairly high Q sind consequent} 
a narrower bandX'jidth and good selectivity can be achieved. 
2.10 SYMCHRONISATION 

There are several techniques to achieve synchronous 
operation of transmitter and receiver. The sync information 
could be originated at the transmitter itself as in TV for 
example. A second method is to have tvro separate clocks 
one each in Trcinsmitter and receiver running independently 
from a given reference time. This requires that the clocks 
be extreraely stable once started and continue to run in 
synchronisation with no external aid. Such a method is 
preferred when both transmitter and receiver are continuously 
’ON', Any instability in the clocks would have cxamulative 
effect. A third method is to use the sync techniques of 
the teleprinter system which is essentially an intermittant 
and a start-stop type of system. There are ti^o clocks 
one in transmitter and other in receiver. A transition 
from mark to space in the transmitter condition (preceded 
by a start of Message (SOM) pulse) starts up the receiver 
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clock which goes through a single cycle of finite number 
of steps depending on the predetermined number of charac- 
ters in a word length. During this one cycle the receiver 
scans the line at periodic intervals to check if a 'O' or 
a '!' is received. On ccsaplation of one cycle the receiver 
clock ceases and remains waiting at the starting point 
until another mark to space transition is received. 

The effect of instability in the clocks is limited to one 
cycle of finite number of steps only and hence the error is 
not cumulative. Thus the necessity of having extremely 
stable clocks is dspensed with and it affords a certain 
amount of flexibility in designing receiver line sampling 
mechanism. Due to reasons of simplicity of operation the 
last method of synchronisation is adopted for the present 
application. 

2.11 Having decided upon the various techniques to be 
adopted in the system, next ch.apter is devoted to lining 
up of sul:>systems vrhich when put together ,;ill be capaJile 
of operating in the required manner as cin integrated system. 



CHAPTER 3 


SUBSYSTEMS LINED? 

3.1 Before embarking on actual circuit design it is 
always desirable to finalise the line up of subsystems 
keeping in view the overall performance requirement of 
the integrated system. Nhen once this is done, the 
exerbisG of designing can be undertaken sc as to fulfill 
the functional requirements of each subsystem block. Such 
an approach would facilitate fixing up of the design cri- 
teria to be employed for each block of the system. 

3.2 FUNCTIONAL REQUIREMENTS OF THE O^teRALL SYSTEM 

From a central control, on transmitting a des'dred model 

a. coraiaand signal should originate in the selected receiver 

V7hich may be used for paging or ranote control. If it is 

meant for paging the command signal could be used for 

a 

alerting the owner of the receiver by means of ^j^eping 
sound. In remote control applications the command signal 
could be suitc±)ly used for actuating a mechanism. On 
termination of the transmission of a fixed duration 
the receivers should be either automatically or manually 
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reset to be in readiness for the next call. This is a 
one way signalling system only, with no facility to talk 
back or retransmission from the receiver in response to the 
comraand. In paging applications it is desirable that - 

(a) The receiver be miniature in size for ease 
of carrying 

(b) the battery drain be kept lew 

(c) fcicility be provided for passing of verbal 
message to the selected addressee after 
alerting him,. 

The transmit- receive procedure should have certain 
redundancy so that the chances of wrong address selection 
is minimised. Let us nev; see how these requirements 
can be raet. 

3.3 TRIi^SMITTER 

The block diagram is shown in Figure 3. The func- 
tional description of various blocks is as under. 

3,3,1 Code Setting Mechanism 

This provides a means for address selection. As 
speed of transmission is net important serial transmission 
of code is enough. The code setting mechanism should 
enajDle the operator to v?rite-in the necessary’ binary 
code. This mechanism could be a conventional telephone 
dial which produces a niomber of pulses depending upon:, 
the decimal digit dialded. Although this appears more 



32 


attractive to adopt due to its ccitanon usage for long, 
in this particular application it may not be used for 
the reason that the processing of the telephone dial 
output for transformation to the binary code involves 
a lot of digital circuitry ns interface. A simpler 
approach is to have a number of two position switches 
which caii be set ON or OFF according to the binary 
code chosen. The obvious advantage of the telephone 
dial system is that the address representation in 
decimal system is far more compact than the corresponding 
binary code and is more easily remembered than a 
long string of I’s and O's. But v/hen the number of 
addresses are reasonably small (say about a 100) as 
in the present application there is hardly any advantage 
to be gained by the use of telephone dial. Also one 
is apt to think that setting a number of sxvitches is 
far more time consuming than dialling a fevr numbers. 

On the contrary, in the dialling system, all the digits 
of an address have to be dialled every time. Whereas 
with the code settincr switches only a few switches may 
require tvo be changed at a time tc obtain a nev; address. 
The probability that all the sv/itches have to be changed 
at any one time is rather very low. 
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Figure 4; Receiver 









3.3.2 Serial Cede Generator 


This has tc perform the following 

(a) Once the code is set by the operator, it 
should generate the corresponding serial 

.binary code, the O’s and I's being repre- 
sented. by the presence or absence of a 
unipolar pulse. 

(b) As redundancy is desired in the transmit- 
re ceiver procedure the code group should 

be repeatedly generated at periodic intervals 
for as loner as desired by the operator. 

(c) The code generator has tc prefix each code 
group by a long SO.!J or sync, pulse. 

. To achieve the above functions, some form of memory 
is required which can remember the code for repetitive 
transmission. Solid state digital shift registers can 
be used for this purpose. Because of their versatile 
performance and small size IC shift registers are ideal 
for the application in hand. Dual flip flops are available 
in one chip which can foe connected up as a shift 
register of the required nu^.'^er of bits. Into this shift 
register information could be entered directly from 
the code setting switches and the bits drawn cut in 
a serial fashion. Parallel in - serial out shift 
registers can also be used instead of separate flip flops 
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to reduce the IC count. For shifting of the bits entered 
into the shift register, clock pulses are necessary cmd 
generation of these should be an integral part of the 
code generator. Through use of appropriate gating the 
SOM pulse can also be prefixed with the code group. 

3.3.3 Modulator 

The output of the serial code generator is in the 
form cf unipolar pulses. As it has been decided to use 
the carrier OH-OFF keying, the job of the modulator is 
to suppress the carrier for a 'O' bit cf the binary code 
and let the carrier through for a '1' bit. A single 
transistor configuration acting as a gate would suffice 
for this switching job. The input binary code will be 
the gating signal and the carrier the gated one. As we 
are only interested in the presence or absence of 
carrier, the modulator need only be rudimentary and undue 
design criteria need not be given over its efficient 
performance. As already mefiticned, in paging applications 
it may be desirai,)lQ to have feicility for transmission cf 
a message. So the mccIulatc:^'esidoi^acting as a svritch, 
should also be able to use the voice frequency input 
from the mic amplifier and modulate the carrier. The 
same switching configuration of the modulator can be used. 
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In this case it will act as a chopper moculatbr. Here 
again the design criteria need not be critical because 
high fidelity perfomance is not required, 

3.3.4 Rower. Miplifier 

It should be such that it can fulfill the following 
requirements - 

(a) The amount of current flowing into the 
loop decides the magnetic field intensity 
being directly related to it. Hence the 
povrer amplifier should be capable of • giving 
sufficient current gain, 

(b) It should be able to drive the series 
tuned loop antenna which has a low d<c. 
resistance. 

(c) Output configuration should be such that 
it should facilitate use of loops of 
different lengths and hence of slightly 
different values of d.c, rasistcince. 

(d) Fidelity requirements are not stringent. 

3.3.5 Loop Antenna 

Though its physical length might be large, it is 
otherv/ise a small antenna because its overall length is 
kept at a sm.all fraction of the wave length. The gu age 
of wire chosen depends upon the. length of the loop tc 
be used because of d.c, resistance consideration. The 
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series tuued loop will practically present an impedance 
equal to the d.c. resistance of the loop of wire across 
the output terminals of the povrer amplifier, flence, once 
the length is decided an appropriate guage of wire should 
be chosen such that the power amplifier is capable of 
driving the resultant d.c. resistance. Tables supplied 
by manufacturers are available which indicate the resis- 
tance of vjire per Kii length for various guages . The 
current and voltage ratings should also be borne in mind. 

The wire could be bare conductors of aluminium or 
copper which are varnished. Multistrand conductors 
could also be used. The length of the loop being fairly 
large, prevision of adequate mechanical strength has to 
be kept in view. PVC insulated multistrand copper 
conductors are also suitable but are slightly more n.ossy 
as conpared to hare conductors because of capacitive 
effects of insulation. Inside a building the loop may 
be concealed in Wctll mouldings , under a large rug or 
taped to the walls cr ceiling. For outside use the 
wire can be supported on insulators on posts cr just 
simply strung (off the ground) around the area. The 
actual configuration depends upon' the location. The wire 
should be insulated frorv metal surfaces. 
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3.4 RE Cl EVER 

Block schematic is shewn in Figure 4. The functional 
description of various blocks is as under - 
^ ^ Rntenna 

The receiver being for LF reception of a few tens 
of kiloh^s’fes jthQantenna has to be very long. However these 
days low loss high permeehility ferromagnetic cores suitable 
for operation frc:tiU43?to 1000 KHZ a.re available. By use of 
such a material for the receiver antenna core its size can 
be made to be v/ithin raanageable limits. A suitable ratio 
of length over diciraeter of the core should be chosen as the 
increase in flux linkage by the use of core material is 
dependant upon it. The induced voltage in the antenna coil 
will be maximum when the axis of the ferromagnetic core is 
perpendicular to the plan© of the transmitting antenna. 

That is the flux lines will be along the axis of the receive] 
antenna core material. By a priori knox^rleclge of the con- 
figuration of the transmitting antenna, the receiver antenna 
could be kept properly oriented for Lest reception. For 
remote control purposes in many applications the receivers 
are likely to be kept stationary and as such the receiver 
antennas could be kept properly oriented. In paging 
applications the receiver locations are not deterministic 
except for a knowledge the general area in which they 
operate. Depending upon whether the transmitting loop is 
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is in the horizontal or vertical plane, the receiver 
antenna core could be fixed to stay vertical or hori~ 
zontal by suitable support so that it rc-rpains per- 
pendicular to the plana of the transmitting antenna xfhen 
carried, by a person in his pocket. 

Core materials are availcuble in assorted shapes and 
sizes. By a proper choice, this bulky hardware item could 
be made to occupy a reasonably small space in a miniature 
pocket receiver. To restrict the bandwidth and selectivity, 
tuning of the receiver antenna is essential. The ferrite 
core antenna is the most conpact antenna for the minimum loss. 
3.4.2 Preamplifier 

Its main function is to boost up the voltage level 
of the input signal received from the tuned input circuit 
for purposes of further processing. A secondary role is 
that of a sentry. To conserve the stcinding drain on the 
battery {particularly in paging application) , it is impera- 
tive that during idle periods between calls, the receiver 
should ccnsurae as little pov7er as possible. On receipt of 
a transmitted signal tlie receiver sentry can autcma- 
tically switch on tj-civ/er supply to the rest of the receiver 
for processing the inccmiing signal. 

The transmitted power level requirements depends 
upon the receiver sensitivity. However the receiver 
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gain should not be made so large that its operation is 
adversely affected by noise or by instability. Suitable 
f eedtoack techniques may be needed to make the amplifier 
stalole and also match its input to the essentially law 
impedance of the receiver antenna. 

3.4.3 Detector 

This is a conventional envelope detector vrhich 
extracts the intelligence (binary code or voice) after 
rejecting the carrier. Diode detectors have a certain 
minimum cut in voltage and fo3ni?ard drop. This may not be 
desirable for weak signal reception. L trcinsistor detec- 
tor may be suitable for this purpose because it gives a 
certain gain besides acting as a detector. By use of 
this, for voice signal reception we may not need an 
audio amplifier to feed the earphone or loudspecjker thereby 
saving additional hardware. 

3.4.4 Swi tch 

The job of this is to switch tlie power supply to 
the logic netvrork of the receiver (which ccnsximes 
maximiom current) , on3.y after the recetption of a signal 
from the preamplifier. Miniatu-re relays can be used because 
of their excellent isolation properties. However indige- 
n‘£-iusi;Jy their availability is scarce. In the absence of 
miniature relays, the switching could be affected electro- 
nically by use of solid state devices like thyristors and 
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transistors. IJ^eof thyristors can be precluded in paging 

K 

application because it cannot switch off by itself unless 
extra hardvzare is incprorated. Every time a selective 
call is transmitted all the receivers will have to come 
on and process the signal to check for code correspondance . 
Only that receiver which is selected will give an aural or 
visual indication to its owner who can perhaps manually 
reset the receiver so that the thyristor is cut off. 

Others v/culd not even know about it and hence will not be 
able to switch off the extra power consuption. Hence an 
autoraatic means of switching ON and OFF is indicated which 
can be accomplished by a transistor circuit. 

3.4.5 Wave Shaping Unit 

The role of this is to - 

(a) reshape the detected binary code 

(b) produce an output signal which is 
compatible for processing by the 
succeedinvg digital logic netv/ork. 

This block will essentially be made up of a Schimitt 
trigger vj’hich can be/IC chip or constructed out of discrete 
devices. 

3.4.6 Logic Metv7ork 

The role of this is to accept the incotiing data 
vrhich is in a serial fashion, convert it into a parallel 
fona, check for code matching and generate an output signal 
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in case cf code cor respond an ce. To perform the fxinctions 
this block will consist of a shift register, a clock 
pulse generator for shifting bits and a. decoder. Besides, 
a fev7 gates will also be required. While the logic 
netv;ork could be constructed out cf discrete devices, it 
may be preferrable to use ICs for this purpose, owing 
mainly due to reduction in circuitry thereby enabling 
miniaturisation of receiver. Suitable ICs are availeible 
indigsneously also. 

3.4.7 Output Stage 

This is only for accepting the output signal of the 
logic netvjork for purposes of suitaJoly modifying it to 
drive the loud speeiker or a prime mover. A multivibrator 
or an UJT oscillator could be used which can drive the 
loudspeaker to produce a beeping sound for alerting the 
ovmer of the receiver. In remote control applications it 
may take on a variety of shapes depending upon the use 
to which the signal will be put to. • 

3*4.3 ? owe r S upij ly C^) 

h mention of this is made because of its importance 
in peering applications where .theneed is for a sm.all 
receiver. Its size and. capacity are sul^jective matters 
in remote control applications. A variety of battery types 
as mentioned below could be used. 
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(a) Zinc Carbon 

(b) Alkaline 

(c) Mercury 

(d) ' nickel Ca.clniuai. 

Except for nickel cadir-iura none of the above batteries 
are suitable for recharging. Che alkaline and mercury 
batteries provide loncer life before discharge whereas 
nickel carlraium, af^r ranoated recharges, provides the 
longest overall life. 

The minimum povrer supply life according to inter- 
national standards is one clay. One day of life is defined 
as S hours of operation with a duty cycle of 6 sec receive 
at rated audio power output, 6 sec transmit at rated PP 
power output and 48 sec standby. Rechargeable batteries 
normally provide several days of life, while non- rechargeable 
batteries provide upto 3 weeks of life. The most economical 
type of battery is dependant upon fcsoth the type of operation 
and the battery cost per hour. 
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fP-^SMITTER -DESIGN CONSIDERI.TIONS PJ!JD FUNCTIONAL 

DESCRIPTION 

4.1 The choice of hardware to be used in designing the 
systera v/as strongly influenced by a desired to use only 
indigenous components. While for linear circuits a 
variety of both the active (only discrete) and passive 
elements are indigenously available, as far as the logic 
is concerned the choice was perforce restricted to 
use of TTL gates. Nornally TTL gates are used for high 
speed applications in the nanosecond region. However 
they are equally capable of performing at lower speeds 
also as in this particular application, SN 7400 series 
of TTL gates are now being standardised in this country 
and are available commercially. The logic used in both 
the transmitter and receiver incorporate TTL gates , 

The speed of bit transmission need, not be high in 
this present case. As the binary bits are used to modulate 
the carrier, we should ensiire that during each ON period, 
a number of cycles of the carrier go through. 

Keying at audio rate has been chosen arbitrarily to be 
250 cycles per sec. This will ensure that even at the 
lowest frequency of operation which may be say 25 Ktiz, 
envelope distortion will not be severe. 
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4.2 CODE GENERATOR 

A block diagram of the code generator is shown in 

Figure 5, Figure 6 shows the interconnection of each 

of the 6 DPDT switches which are used for writing-in of 

the desired binai^ code into the shift register. There 

are two as table multivibrators and a 6 bit shift register. 

Each as table multivibrator uses tvro NAND gates vrith 

necessary timing Resistors and. capacitors. The 6 bit 

of 

shift register is made up/3 IC chips, each of which 
contains 2 D type edge triggered flip flops. Instead of 
3 separate chips, only one chip with a 8 bit shift register 
with parallel in serial out facility could have been used. 
However it is not indigeneously marketted as of now, 

4.2,1 Astable Multivibrator operation using TTL NAND gates 
The astable multivibrator circuit is shown in Figure 
7, Let us assme that to start with is returned to 
logical * 1 ' , A,s R 2 grounded input 4 .^its at logical 
*0*, With this as the starting point the following 
truth table is derived which depicts the initial stable 

GATE 2 

3 4 5 6 

Q 0 0 1 

Sc long as is at logical '1' the above is true and 
hence one is certain about the starting state of the 
astable. If now is returned to logical 'd* , capacitor 


state condition. 

GATE 1 
Pin 1 2 

1 1 
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Figure 5: 6 Bit Serial Binary Code 
Generator 
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starts to slowly discharge and Pin No. 1 of gate 1 
starts to fall towards ’O'. When it reaches the input 
threshold of about 1,5 volts (property of TTL) , 
transition ccctirs and hence the output of gate 1 
goes high, -Capacitor C 2 being not capable of accepting 
a transient, the sudden transition at the output of gate 1 
appears at input pin 4 of gate 2., The output of gate 2 
thus goes to zero because the other input S is shorted to 
the output of gate 1, Now C 2 commences to charge up 
slowly and hence the voltage at pin 4 of gate 2 tends 
towards logical zero. On reaching the threshold, gate 
2 fires and its output goes high. This process repeats 
over and over again. Due to positive feedback we thus 
achieve an astable action. 

The code generator has two astable multis. T^en 
no code is to be transmitted, resistor of astable 1 
is held at logical level. The normally high output 
of astable 1 under this initial condition is connected 
to one of the inputs of astable 2, Hence both as tables 
remain iryStable states as defined by the truth table. 

The astable 1 has been adjusted to give an 'GN' 
period of 23 m secs and an 'OFF' period of 26 m secs (the 
reason for this unequal periods is for ensuring reliable 
synchronisation to be explained later in the chapter devoted 
to receiver) , If now is returned to logical 'O' level 
astable 1 starts oscillating. During its off period. 
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astable 2 oscillates giving out 'ON-OFF' pulses of 2 m sec 
duration each. The off period of as talkie l"is 26 m secs 
and hence during this period the astable 2 will go high 
7 times each for 2 m secs and go low 6 times of the same 
duration each. The timing diagram in Figure 9 shows 
these waveforms. The pulses of astable 2 are used as 
clock for shift register, 

Fot a 6 bit shift register we need a minimvim of 6 
flip flops. Three IC Chips each of which containing 
two o'i= D type positive edge triggered flip flops are 
used* Figure 8 shox^s the interconnection diagram when 
these flips flops are used in the shift register mode^l^X 
The truth table for asynchronous operation of the flip 
flops is as under 

Preset Clear Q Q 

0 0 1 1 

1 0 0 1 

1 1 Q Q 

0 1 1 0 

Observing from raw four of the truth table vre note 
that information can be clocked into the flip flops 
through the preset input when the dear rai], is kept 
high, This fact is made use of in the following manner 
to write-in the required code into the shift register. 



50 


There are six code setting switches of the DPDT 
variety connected one per flip flop. The teminals of 
the switches are connected as shown in Figure 6 , The 
switches corresponding to bit positions which are to be 
made '1' are put down. The up positions stand for 
*0', When a particular code setting switch is in *1' 
position, the preset line is connected to the complemen- 
tary output of as table 1. The clear line goes to 
logical When astable 1 output goes low, the preset 

line becomes logical ’O', From truth table v/e can see 
that Q output of that particular flip flop become 1. 

There is no change in the status of the flip flop when 
the preset line goes high. 

The clock pulses are generated by astable 2 V7hen the 
output of astable 1 goes low. These clock pulses shift 
the information entered into the flip flops from left 
to right. 

It will be noted from Figure 5 that the code setting 
switches are off-set to the left by one position i.e. 
the first switch from the left is not connected to the 
preset line of flip flop 1 but to its data input. This 
is done to obviate the shifting of the last bit out 
of the shift register vrith the first clock. It will be 
observed that the + edge of the clock is used to shift 
the bits in the shift register and during each clock 
period the bit appearing at Q output of last flip flop 
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of the shift register is sensed by the NBND gate 4* If 
there is no off-set in setting the code, with the arrival 
of the first clock pulse (+ edge) the information in the 
shift register would be moved to the right by one bit and 
what would be sensed by NAND A during the first clock 
period vjould be the least significant bit but one, the LS 
bit having been shifted out with the first clock + edge. 

The output of the shift register is connected, to a 
NAND gate (A) whose other input is given to the clock. The 
next NAND gate (B) has at its two inputs the output of 
A and and the complementary output of astable 1, The 
puirpcse of these HAND gates is for prefixing the SOM or 
the syne pulse before each code group. 

Looking at the timing diagram, the complementaiy 
output of astable 1 remains low for a period of 28 m sec 
high output from NAND B, This is our SOM pulse. Next 

during the off period of astable 1, clock pulses shift 

*• 

the contents of the shift register out and they successi- 
vely appear at the input of NAND A. If the shifted bit 
is a *0', output of A. goes high and that of B lovj (the 
other input to NAND B is the complementary output of 
astable 1 which during this period of clocking stands high). 
Likewise if a 'IV bit is shifted, the output of NAND B goes 
high. Thus v;hatever is the bit shifted out of the shift 
register it appears at the output of NAND B, Thus by the 
addition of these two NAND gates we are able to prefix the 
SOM pulse before the code group. 
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So long as the resistor is kept returned to 
logical '0*, the preset code group gets shifted out 
repeatedly and at the output of NMfD B we have a repe- 
titive wavefoim of the code group with the SOM pulse 
prefixed. So whenever a particular code group is to 
be transmitted the code is set by the operator using 
the selector switches and the switch associated with 
resistor is flipped over to logical ’O' position 
(i.e. Transmit ON position). To stop transmission the 
switch is returned to logical position (which is 
Transmit OFF position) , 

4.3 OSCILLATOR 

Within reasonable limits, the stability and 
distortion of the carrier are not very vital factors 
for the present application. Any type of oscillator 
vrhich can satisfactorily operate in the frequency 
region . vinder consideration would suffice, A colpitt's 
type of oscillator was used to generate the carrier. 

The circuit is shown in Figure 10. *7 

• b ^ 

4.4 CARRIER 'ON-OFF* KEYING (10) 7 

Configuration used is shovm in Figure 11, This is 
a conventional sampling gate, R^^ and R 2 are summing 
resistors. The carrier is the gated signal and the 
binary code output from the code generator is the gating 
signal. When the control voltage is at its lower level 
the transistor is biassed below cut off. When the control 
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Q- = ECO 055 
0,5 = ECK 055 



voltage reaches its upper level, the bias brings the 
transistor out of cut off and into the active region. 

So long as the gate persists the transistor will sample 
the signal voltage which will then appear amplified at 
the output. 

For reasons of simplicity the same configuration 
was used to modulate the carrier by voice signal for 
transmission of verbal messages which may be required 
in paging applications. In this role the circuit acts 
as a chopper modulator. Although this scheme of voice 
modulating the carrier is not very efficient, owing to 
the fact that fidelity is not a dominant consideration 
in this application, it was felt sufficient to use the 
same circuit without increasing the hardware. 

4.5 POWER AM>LIFIER 

The circuit diagram is shown in Figure 12. A 
complementary symmetry output configuration was chosen 
because there is no need for an output transformer. At 
the frequency of operation in the system which is well 
above audio range, conventional transformers are not 
efficient because of excessive losses. The transformer 
has to be specially designed using ferrite cores. Besi^-eSj 
class B operation x^rith complementary symmetiry output 
has certain advantages like lew standing current, low 
device dissipation and high efficiency. 
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The circuit gives adequate current gain to drive the 
series tuned loop antenna at its output. At resonance 
the load impedance presented is practically the d.c. resis- 
tance of the loop which is of the order of a few ohms . 

The circuit can drive loads ranging from 2 to 10 ohms. 

The driver is biassed at a relatively high IQ sc that 
the output stage can drive uptc 4 sumps peak into a low 
impedance load, 

4.6 LOOP AMTEHNA AND THE FIELD INTENSITY (12,13) 

Given below is a discussion on the approach adopted 
and the actual derivation of the magnetic field intensity 
in the near vicinity of a rectangular loop antenna. 

When a current I flovjs in a closed circuit a 
magnetic field intensity H at any point in space results. 
For computational purposes it is convenient to consider 
the total magnetic intensity at any point as the sum of 
the contributions from elemental lengths ds of the circuit 
each carrying a current I. The quantity Ids is called a 
current element. It is a vector quantity having the 
direction of the current. By Ampere's lav/ one can find 
the total magnetic intensity H at any point P in space 
due to a current carrying conductor as the sum or integra- 
tion of the contributions from all the current elements of 


H = 


Ids 


4 IT r 


vr 


the circuit and that 
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Z 



Figure 13: Vector potential due to the tvro 

parallel conductors in Z direction. 



Figur e 14: Vector potential due to the tvro 

parallel conductors in X direction. 
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where r is the distance of the point P from the elemental 
conductor and uris a unit vector in the r direction. 

In the present case the antenna consists of 4 sides 
and may be either a rectangle or square in shape. The 
four conductors are treated to be lying in the same plane. 

The approach adopted is to evaluate the magnetic 
vector potential, the space derivative of which gives the 
magnetic intensity E. The two are related by H = curl A. 

The general expression for vector potential is 
given by 



V 4iTr 


where i is the current density, the integration being done 
over the volume in which the current density exists. We 
can consider the loop antenna as consisting of 4 long, 
straight wires of finite lengths carrying inphase current. 

We shall consider each of the two pairs of parallel con- 
ductors at a time to evaluate the vector potential. 

Referring to Figure 13 let one pair of parallel 
conductors of the loop be of length 2 I and lying in XZ plane. 
Separation between conductors is 2a (i.e. the length of 
the other tvrc sides of the rectangle) . Let the origin 
be at the centre of the loop. The current in the two 
conductors are in phase but flov7 in opposite directions. 
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We have 

n = Mx+a) ^ + (z-z') ^ 

r2 = (x-a)^ + + (z-z”)^ 

The current is entirely in the z direction so that 
the vector potential Az has only one component in the Z 
direction. This A.z is the resultant of the individual 
vector potentials Az^^ and Az 2 due to the two conductors. 

+1 

^ 2 ^ ' J* * 

^ -1 ~ 


Let p = z - z* 
d.,., = -dz' 


-1 

4'fr 


+1 

/ 

-1 


dz* 

' (x+a) + yli + ( z- z ' ) 2 

limits pj = z - 1 

P2 1- 


f . ... 

z+1 (x+a) 2+y2+p2 

= -A- 

4Tr ::-l *^(x+a) ^+y2+p2 

= _J. In ^^ 2 + 1 ) +i (x+a) 2+y2+(z+i) 2 
(z-1) + { x+a) ^+y ^+ ( z- 1) 2 


( 1 ) 
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Likewise 


AZ = =i / ^ 

^ 4tt -1 ^2 


= I In (z-1) -f *^(x+a)^ ■¥ + (z»l) ^ 

(z+1) + (s-a) 2 + y2 + ( z+1) 2 


( 2 ) 


Az = PiZ-^ + AZ2 


_ I 


/ 


In- 


[(z~l) + (x-»a) ^-fy^+Cz-l) <z-fl) + (x-fa) ^4v2f {z^D 2; 


4tt [(z+1) 4- *^(x-a) ^+y^+(z+l)^l [(z-l)+ ^ (x+a) ^+y^+ (z-1) 2] 

(3) 


Ay = 0 


and Ax = 0, 


Therefore 


Hx = 

Curljj 

A = _i Az 

- 

Ay = -J. 


3y 

9z 

3y 

Hy = 

curl„ 

A = -^ Ax 

9 

-9 

Az = — 


y 

3z 

9x 

9x 

Hz = 

curl„ 


9 

Ax = 0 



9x 

97 



Az 


Az 


(4) 


We consider the other pair of conductors nov;. Figure 14 
refers 

- (x-x') 2 + y2 + (z-l) 2 

Ta = (x-x" ) ^+y^+ ( z+1) 2 



60 


The vector potential exists only in the x direction 
Proceeding as earlier we get 

(x+a) +’^ (x+a) 2 +y 24 . (z-i) ^ 


and 


AXi 


= 

4Tr 


AX2 = 


4'?r 


In 


In 


( X- a) +V (x-a) ^+y2+(z-l) 2 

(x-a) + /(x-a) ^+Y^+ (x+1) ^ 
(x+a) (x+a) ^+y^+{z+l) ^ 


(5) 


( 6 ) 


Ax = AiX, + Ax^ 
1 2 


Ay - 0 Az = 0 , 


Hx = curlyA= Az “ Ay = 0 

33 

Hy = Curl^ A = __L Ax 

- 8Z 

Hz = Curl- A 5= Ax 

^ 37 


(7) 


It is noted that the Hy term is present in the end 
results of both the pairs of conductors described by the 
sets of equations (4) and (7). 


Resultant field intensity H = ^+ ( Hy x+Hy 2 !P+H z 


( 8 ) 


Equation ( 8 ) describes the expression for the resultant 

field intensity. The values of Hx, Hy^, Hy 2 and Hz are 

to be sxibstituted in this. These values can be obtained 

of 

by taking partial derivatives/^, Ay and Az {calculated 

X 

from (1) , (2) , (5) , (6)) and substituting in the groups of 
e^qpressions (4) and (7), It is obvious that it is cumbersome 
to write the expression for H as a single equation. However 
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by rearranging the expressions into a neater form, a 
program has been written for evaluating the value of H 
at any point in space for a loop of any given dimension 
carrying a certain current I , The listing of the program 
is attached as Appendix 'A,'. 

Results were computed for various loop diemensions 
carrying various currents and the general pattern of 
the distribution of the field intensity both inside and to 
a certain distance outside the loop on a number of planes 
parallel to the plane of the loop in the Y direction was 
plotted to gain a better insight. The field intensity 
plots are shown in Figures 15 and 16. 

In the plane of the loop as we proceed along the 
diagonal (figure 15) starting from the centre towards 
one corner of the loop, the magnetic field intensity 
keeps on increasing gradually at first and rapidly later 
until it reaches infinity exactly at the corner. This is 
sc because right at that point the distance from the 
conductor is zero and the intensity being inversely 
proportional to the distance of the point, it shoots upto 
infinity (or to a very great value tending to infinity 
if we consider the point to be at a finite distance from 
the centre of the conductor) . Outside the loop there 
is a steep fall and at distances comparable to the 
diemensions of the loop the intensity tends almost to 
zero. On planes parallel to the plane of the conductor 
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the behaviour is same except that at the corner the 
intensity has a finite value because the distance of the 
point is finite in the Y direction. 

In the other plot at Figure 16, the intensity 
variation along a line parallel to one of the conductors 
is plotted. Again the intensity shoots upto a very large 
value tending to infinity as we approach a conductor 
from the centre. In a parallel plane above or below, 
the intensity variation is similar but of lower values 
at each corresponding point. Outside the loop, the 
decay is very rapid. 

The rate of change of intensity as we proceed along 
the diagonal is greater as compared to along a line 
parallel to one of the conductors. This stands to reason 
because when we proceed along the diagonal, the intensity 
vairation is influenced by both the conductors to the 
left cxnd right whereas along a parallel line, we keep 
at a finite distance from one conductor always whose 
influence is constant x^hile only the influence due. to the 
other conductor varies. 

As we proceed in y direction vertically above or 
below the centre from the plane of the loop the intensity 
gradually diminishes. In the plane of the loop the 
intensity is minimum right at the centre, Hovrever as we 
move in the vertical direction, the minimum intensity 
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point dees not fall vertically over the centre of the 
loop but is confined to the vicinity of the centre line. 

This is attributable to the bending around of the magnetic 
flux lines, 

EVALUATION OF IMDUCTaNCE OF LOOP MTENNA 

By knovjing the gauge of wire one can find out its 
diameter and ether characteristics from manufacturer's data. 
With these data it is possible to estimate the inductance 
of the loop antenna theoretically. For a rectangular loop oi 
vrire 

4aai 

L = ,0092 [ (a+a]^) log^Q “■ log^^gCa+g) - a^^ ^^^10 

di 


(a^^+g)] 

+ .004 [uSCa+aj^) + 2(g+d/2) -• 2(a+a-j_)l (1) 


and “ *10 71 d/f 


( 2 ) 


?7here a and are the lengths of the sides in mm 


d = diamter in mm 


g - a2+a| in mm 

\x - 1 for copper, L is in micrchehries, f 


is in hertz. 

X is an argument of which 6 is a function, 
c 

After finding x , by a table Icoi up, given in most 
of the radio engineer's handbooks, 6 g^an be ^®iermined. 

As an illustration let f= 80 KHZ, guage of wire 
= 18 S'wG for vhijth d * 1,22 mm. is calculated from (2) 
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to be 3.6 8, 6 from table IcoH up =i .18. Per one of 

the experimental rectangular loops of 40 m x 53 meters 
set up, L is calculated from o^rpression (1) to be equal 
to 406 yH, From a knowledge of this L, the correct 
series tuning capacitor required can be calculated. 
Experimentally the inductance of the loop antenna was 
found to be 395 yH which is reasonaly close to the 
theoretical estimation. 



mps/raeter 


Lil*l 



Figure 16; Z is frozen at 0. Plot shews variation 
of H field along X direction in the 
positive quadrant. Y values represent 
parallel planes at unit distances. 


CHAPTER 5 


DESIGN CONSIDERATIONS ; RECEI’^TER 

5.1 The block schematic of the receiver has already been 
■•■’iscussecl under chapters. Here we shall see the circuit 
design of the receiver, 

5.2 FECEIVER J^HTENKR (11) 

In the frequency range of a few tens cf KHZ under 
consideration the receiving loop antennas axe very small 
electrically/ and. are usually magnetic diucles femed. with 
either air core or iron core loops. These small antennas 
have advantages including directivity which permits dis- 
crininaticnag«ln8tiind.esirecl frequencies and noise and 
also in its ability tc' discriminate electro- 

static fields. In such cases the current in the loop may 

i 

be taken to be relatively unifem and. one can obtain a 
simple expression relating output voltage and. magnetic 
field intensity. 

For free space or any mediur^". where y = 

= - i 2Tr^ 10"^ f H r n cos 4> 

-7,9 X 10“'^ f H R n cos <j) (1) 

where 

y = permeability of the medium 

— 7 ' ■ 

= 4^x10 henry /meter for free space 
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H = magnetic field intensity in amps/meter 
f = carrier frequency in EZ 
n = Ho. cf turns in coil 

I = effective area cf the loop in sq. meters 
^ = cingle the flux lines make with the loop axis. 

= Induced voltage 

For a typical air cere loop the effective area is 
essentially that cf the physical area enclosed by the 
coil itself. With ci ferromagnetic core the effective 
area cf the coil becomes 

h = il. actual X y'core 

is the increase in field macnetic flux enclosed by 
cere . j. 

the loop when the core is employed. 'iThis increase vrill 
depend upon the relative permeability of the red material 
and the length over diameter ratio cf the core. The 
coil self flux increase due to a core is defined, as yceil 
where 


^core 

^'air 


U' 


ceil* 


F«.r an l/c ratio cf 12, an emperical relation gives 
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In the experiraental receiver an available ferrite 
core was used vrith an 1/rl ratio cf 6. The core was 
meant for commercial broad cast receivers and as such was 
not the correct choice theoretically for low frecuency 
work. The ceil was made up of 100 turns of litz xfire 
with 1*5 cm mean die and 1 cm thickness. ]i' coil measured 
with a Q meter was 4 , 

i^s 1/d ratio vras only 6, we can adopt as a conser- 
vative first approximation a ratio of 

y* 

core _ c 
■ — j"*-* — — 5. 

^ coil 

This yields U'^ore ~ From this the effective area 

I‘. can be calculated from equation 2. To calculate the 
minimum field intensity that should exist for satisfactory 
receiver operation x^e proceed as under. 

Let us assurae a receiver threshold voltage of IV at 
the output. Knowing the gain, vxe can obtain tb.e minimum 
voltage that should be induced in the antenna coil. 

From this by applying equation (1) we can calculate the 
value of H required. In the experimental receiver the 
overall gain x^as 10 ,C0C. For IV output, the voltage at 
its input should be lOOyv. As the receiver antenna is 
tUr- ned the actual voltage appearing across the tuning 
cai acitcr will be Q times the induced voltage . The loaded 
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O of the coil is 40, Taking these into consideration 
the actual induced voltage required at the coil works 
out to 60yv. This is of the same order of sensitivity 
of ccnmercial receivers. For this induced voltage the 
magnetic field required ccin be computed from equation 
(1) , which works out to 270iJi'./r?,(ster, This is the theore- 
ticc'.l minimum intensity that should exist within the 
confined area of spc'.ce for satisfactory operation of 
the receiver. The above calculation holds for a carrier 
fraquenc^r of 80 KHZ, 

5.3 INPUT CQTFLIHG HFTiJOPK (26) 

The tuned antenna circuit has to be coupled to 
the input of the first stage of the preamplifier. There 
are a nximber of coupling network configurations that can 
be used for matching. Capacitive tapping was preferred 
because of its simplicity as compared, to inductance tapping 
or a tuned secondary coil. The coupling netT'Tork taken 
into use is as shown in Figure 17 . 

The design expressions for such a configuration are 


c - Co 



C2 ~ B ( C^Coi) “ 
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Where G = q A 1 

irAfPo 

Lj = . , 

“o ' 

Af is the 3 db Bandwidth 
f-Q * resonant frequency 

Grj, = Capacitance required to get necessary 
EW when connected in parallel v/ith 
For matching = p^L a^ where a = /p.^/r^ . 

The values of Cj oncl C 2 used in the circuit are noted in 
Figure 12. These values are close to the calculated values 
using expressions indicated, above within reasonable limits. 


5.4 PRS&I^LIFIEP- (Figure 13) 

This consists of a two stage amplifier using transis- 
tors in the common emitter configuration. It works on a 
9V supply. CE configuration was used to obtain sufficient 
voltars gain. The antenna, coil at the input being essen- 
tially a current source, low input impedance is desirable for 
the amplifier stage. This is achieved by current shunt 
feedback. Further, the resulting low input impedance 
reduces the possibilities of the existence of a coupling 
path for positive feedback from some high impedance output 
point. The voltage gain of the stage is given by 


hy = 


V— la 


Rl RC2 



Is 
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Figure 17; Coupling Network 
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The c:ain riepenc's upon stable resi.strrs and is independant 
of transistor para.ffi,eters , the temperature or supply voltac-e 
variations (£). The overall vcltace gain is 9200> Input 
impedance = 215fi. 

5.5 DETECTOR STJGE (9) (Figure IS) 

Instead of using a ccnvential diode peak envelope 
detector and aiaplifying the detected signal, a transistor 
do teeter was employee. Detection is done by the diode 
like characteristics of the base emitter input circuit. 

For detection performance to be good the transistor should 
operate at very low quiescent current. 

E pnp transistor was used sc that vje vrill ret the 
positive c'oing half of the envelope after detection and 
amplification at the collector of the transistor. The 
v/avfe sheping unit which follcv/s requires a + going pulse 
at its input. The gain of the detector was found to be 
1 to 5. This is because of operation in the non linear 
portion of the characteristics. 

5.6 SUFFER STAFF (Figure 15 ) 

The conventional wave shaping unit which is a 
Schmitt trigger has a low input impedance when the input 
transistor conducts. Hence to avoid loading of detector, 
a buffer stac'e was used in between. 



5.7 SCHMITT TFIGGEF, (10) 

To itiake its oatput cor?.patible v/ith the loric which 
accepts a 'high' level o£ 5V, the supply to schmitt 
trigger is c'ropped by a series resistor to get 5V from the 
9V battery. The output goes high from, about 0.5V. TTL 
gates accept upto OiCV.as the low or logical 'O' level. 

The schmitt trigger has a upper triggering level of IV. 

The hysterisis is negligible. The output of schmitt 
trigger is a train of reshaped pulses. In this applica- 
tion the output is used for further processing by the 
logic networ’c and also to provide sufficient drive to 
a transistor sv^itch for turning on the supply to the 
logic. 

5.8 POMJ:!F. SUPPLY SWITCH 

The need to have an automatic switch in the 
receiver which supplies power to logic circuits only 
on receiving a signal has already been mentioned. The 
logic circuits draw nearly 30% of the total current in 
the receiver and hence the need to save standing drain 
on the battery. There are six ICs besides the output 
circuit which in all consime around 100 ma of current. 
Therefore the transistor tv-hich switches power supply to 
the loc?ic circuits should withstand this mpch of current. 
Besides, the power supply to the logic must be between 
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4.75V to 5,25V for guarantaec operation as specifier’, by 
the manufacturer. Hence there is a need for svritching 
a regulated poorer supply. 

The circuit diagram of the signal powered switch 
is shown in Figure 22 .. Under no signal conditions 
the schmitt«trigger output is lot;. The base of is 
at zero potential, Hence the transistor is cut off. O 2 
vrhich is a pnp, has at its base the supply voltage 
and thus remains also cut off, also cut off. On 

the arrival of the SOM pulse the schmitt output goes 
high. The peak detector C 2 ^R 2 ^ drives into saturation. 
Collector of drops tovrards ground potential and this 
saturates O^. The zeh'er gets sufficient bias and it 
keeps the base of at the reference voltage of 5.6V, 
Allowing for base emitter drop of *-6 volts, at the emitter 

of Q- we get a reghlated 5V supply which is fed to the logic. 

%«/ 

normal standby current in the receiver is about Bml:. 
and. the fully switched current at the time of signal 
reception is 100 larv.. Hence the current switching ratio 
is a.bov\t 1:12. 

5,9 ORGAMISATIOI'7 of logic Hi THE RECEIVE?. 

The receiver logic can he subdivided into three 
distinct partis' de^nding upon their function namely, the 
local clock gonerato't, ■serta.l '€<g' parallel converter 
and the decoder. The block diagram is shewn in Figure 18. 
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’She inccming signal has a SOM pulse of a long duration 
followed by the 6 bit code group (see Figure 9 of Chapter 4) . 
Hie SO^. pulse and the code group constitute one duty cycle 
anc. this is repeated over and over again so long as the 
transnitter is kept on. The negative edge of the SOM pulse 
is used for timing reference. This edge triggers a mono- 
statile multivibrator in the receiver whose ON-OFF periods 
are adjusted, to be exactly eoual to one duty cycle of the 
received signal i.e. 28 m secs 'ON' and 26 m secs OFF, 

During the time that the inonostal)le output is high the 
astal le multivibrator does not function, tfhen it goes 
low, the astable multivibrator oscillates at four times the 

frequency of incoming code and produces pulses which are 

# 

subsequently divided by four to be used as clock for the 
shift register. Once code matching is, obtained the output 
of the.d.ecoder goes high which used suitalily for 
producing an alerting beep or. for remote control i purposes. 
5.10 MONOS T^d^LE MULTIVIBRATOR 

This is tlie master timing unit of the receiver. Its 
'ON-OFF' period, is adjusted to be conjoint with the trans- 
mitted v^aveforra which enables transmitter and receiver 
to operate syncdironously . The synchronization technique 
is discussed in the next paragraph. 
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®ie Eicnos table multivibrator is made up cf two TfL 
Ni\ND gates, four of vrhich are ave-il able on one chip. The 
interconnection diagram is shown in Figure I 4 .. When supply 
to logic is switched ON by the received signal, the 
schraitt output is high for a duration of the SOM pulse 

, | , ^ cx 

which IS 2H m secs. Input 4 of gate 2 is/zero level to 
start with. So the initial condition of the monostable is 
Oate 1 Qate 2 

Pin Mo. 123 4 5 6 

1 1 0 0 0 1 
When the negative edge of SOfl pulse arrives , pin Ho. 1 
of gate 1 goes tow and thereby the output of gate 1 goes 
high. Capacitor acts as ^ short circuit for the 
transient and hence both inputs of gate 2 go high. This 
results in the output of gate 2 to go lovr. MeamThile the 
capacitor starts to slowly charge up to logical ' 1 ' level 
cuic the voltage at pin 4 starts to drop towards logical 
*0', When the threshold level at pin 4 is reached 
gate 2 fires and its output goes high thereby ccmpletihc 
one cycle of ON-OFF period. By adjusting the value of 
time constant of R & the OM-OFF period can be suitably 


chosen 
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ggi^NStllTTER- RECEIVER SYNCEROI>IISJ\TIQH 
TiS stated already the negative edge of the SOM pulse 
triggers the Kionostable Hiulti vibrator whi.Gh produGes an 
OH'^’OFP period to ' correspond- to- the duty cycle' of the 
transmitter. It is quite possible that the monostable 
multivibrator may triggar with^ of the negative edges 
of the incoming code ihstesd of getting locked to the 
negative edge of the SOM pulse. This is illustrated 

I i ' 

* ■ . ' ' '' ?'•“) 

in the timing diagram of Figure 25. "Sere it is shown 

S'- 

that the monostablo multivibrator is triggered by the 

negative edge of one of the data pulses. When this 

- i ■ li-- '.n «•» ■ ..... 

happens the OFF period of the monos table multivibtator 

extends into the region of next SOM pulse. The negative 
edge of the SOM pulse will nov^ definitely trigger the 
raonostable multivibrator and hence the ON-OFF periods 
will fall into step with that of the received waveform. 

In the worst ease the monostable multivibrator can be 
triggered by the last data bit^,. Even then by the same 
process describee abeVe the monostable multivibrator 
period will fall back into step. 

5.12 LOCJdi CLOa: GEmPJ^.SOR 

; The monostabli^ laultivibrator is connected to an 

aste^Jale multivibrator: is adjusted to run at four 

t ^ I ' ’ ‘ 

times the frequency pf |the inccaning data pulses. The 
method of obtaining ^ action using two TTL raND 

gates has aiir^ady^; under the chapter devoted 
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Figure 14: Monostable Multivibrator interconnection 
using ttl NAND gates. 
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to transmitter. A counter counts down the- output of the 
astciile multivibrator by four and thus produces an 
output pulse for every four fed, at its input. The counter 
output is useCi as the deck pulse for the shift recister. 
The rationale behind, this technique of counting down for 
purposes cf clock generation requires a little explana- 
tion. The rate cf arrival of data bits and the duration 
for which they persist are kna-m before hand. For relia- 
bility cf accessing the data the line sampling should, be 
dene during a fracticn of the time period preferrably 
centered to lie such that it falls during the middle cf 
the duration in whidi the data is definitely existing. 
Smaller the fraction better it is because the seanpling 
interval would still lie within the span of the data 
bit even for slight variations either in the data or in 
the stal''ility of the device producing the sampling pulses. 
For the timings shoem in the diagram at Figure 27, the 
worst case tolerance in the steibility of transmitter wave 
form cind receiver clock works out to 2% each. 

The divide by four counter is made up of two D type 
edge triggered flip flops vrhich are available on one IC 
chip. Interconnection are shovjn in Fi^re 26. deferring 
t o the truth table of the flip flop given earlier, 
with preset at logical *1* and clear rail at Ipgical ’’0*, 
Q, stands hiofe. This, is tiae starting condition. As 



and D are connected, with the arrival of the first pulse 
at the clock input C-j^, the logical level present at 
is entered into FFl, Until the next pulse arrives at 
input tliis concliticn holes. When the next clock pul'se 
to PFl occurs, the flip flop changes state and remains 

so till the arrival of third pulse. !?e see. that the 

_ p' sitive going edge 

output of FFl ^ves a/'?ith every alternate input pulse 

which is nothing ’mt division by 2. FF2 is similar in 

action and divides further by 2* The output of FF2 gives 

one positive going edge for every four similar edges of the 

output of the as table multivibrator.r ■ The clear line of the' 

counter is triggered by a sharps negative going pulse 

derived by differentiating the ccatp lement ary , output of the 

monostable and inverting > it. Clearing of the counter is 

done before the commencement of next cj^cle. Receiver 

timing diagram at Figure 25^ shows all the necessary waveforms 

5.13 PEPJhL TO PhRALLEb CQIWERSIOM . 

The incoming code is in a serial fashion and it has 
to be convijrted into a parallel form for the purpose of 
decoding. This involves memory. The shift register is 
made up of 6 D type edge triggered flip flops, Inter- 
c ennedtiem diagram of the ft, register is the same as 
used 4** the transmitter agtd ghfwn in Figure 8, * Here the 
preset and ‘ logital ■ ' 1 ' 


The 



first flip flop. During the 6 clock pulses periods, the 
data is shifted and. is availal:>le in e parallel form frcm 
the respective Q outputs of the flip flops. 

5.14 DECODER (Figure 2fe) 

Each receiver has its individual address (preset code) 
according to which the d.icd.o matrix is connected. The 
connection diagram for an arbitrary ced^ 100101 is sha«rn 
in Figure 23, If there is a code match the diode matrix 
output line stays high because all diodes will be non- 
conducting^ their anodes and cathodes being at the sam§ 
potential. Even if one bit does not match, the corresponding 
diode gets forward biassed and conducts heavily thereby 
cltiiaping the output line at logical 'O' level. The final 
output frem the diode matrix is derived through a NMD and 
an inverter gate as shoi^n in the Figure. ,The purpose of 
the Ni\ND gate is to inhibit decoding action when bits are 
in the process of being shifted in shift register. 

The monosta}.''le multivibrator output v/aveform is used as 
the inhibiting signa-l. During its 'OFF' period the clock 
pulses shift the bits into the shift register and during 
the foilwing 'ON* peri code correspondence is 
indicated by^^ the, decoder. The output of the inverter will 
go high €mly;^if;imatchi|lgv,t^es.>!pl.a9e. the received 
code group is. b^ng received at 

nearly’ .'20 will also 

go high at the'S^le rste/'i'^ i-'WafJ^iug place every time. 



5* IS Q0TPU? UNIT (9) ' " ■’ 

This is the fina.l stage of the receiver. The 
signal cbtainod froin the decoder which indicates dode ' 
Hatching has to he used for al’^^'tinij the owner of the ■ 

1 . ' , , i 

receiver cr for actuating a mechanism for remote control. 
The circuit employed for producing;, an alerting tone is 
shewn in Figure 2$. It consists’ of an UJT oscillator 
feeding a loudspeaker or a headphone. The output '^from* 
the decoder is given to its emitter resistor. Whenever 
the decoder output goes high the oscillator drive's ’th4 

g . ’ ■ * ■ ■ -li 

O utput transducer producing a beeping sound i The 2K9Z 

^ ■ f 

oscillator tone is interrtipted for 26 msecs each, 20 times 
a second thereby* producing the beeping effect. 

»■ ■ . ^ '■ ■ ' ■ ' ■- 'V , 

For reliability it is usual to ' incorporate certain 
redundancy to safeguard ar-aihstJ^ec^ipt' of false alerts. 

One method is to ccunt'’*the nxamber of times matching 
talces place and trigger the 'Output' unit only when a 
certain arbitrarily fixed nimber is exceeded. The counting 
may be done either digitally or by analog means. 

In the present case the system works like this. The 
paging call thrill be /continuous series of beeps duration 
of which is dependant upon the dpration of transmission. 
Even if an unselected redetver; %i ves out an occasional 
beep due to circuit malfuncfioa Wie owner of the 
receiver %fiij’l.'-.^‘<^;:-tak'e‘ ^•''^ile this is 
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sufficient for paging applications., for r^ote control 
whore nc human elenuGnt is involved, it is iHiperfitive 
to :|atroducG redundancy as mentioned in the last paragraph. 
5.16 gteCSiyiliG VOICE 

This will Lc by prior understanding. The operator. 


will treinsmit the selective siernai for*a fixed duration 
c which may be chosen arbitrarily to be sa;f 15'^^^;20 secs. 


The selected receiver voll give th# aiertim 


ne for 


' ’ ..pw , ' 

the saiue duration. On cessation of this toneV the. or^ner 


of the receiver has, 


a svritch in the. f^ce#rec .hnd 


be reedy for the voice message. The operator ate 

cutting off cdd^fcb^hsrfiis'sion can use tfe'e^ke and 


trei^^t the voice message, J)Jter receiving ^j:^^woxce 

m Gsswe# the receiver ovmer has ^to flip the 'back 

^ V * , ' 'I, ’ 

t^ts .original position to be in readiness to receive , 

*. p-. 

any subsequent paging call. ^ ■. - 

The switch for voice message con sects the output 
from detector directly to the heedphene. For reception 
of paging signal th^^ift^ Connects the he^phone to ' 
the UJT oscillator* 



CEI^PTE-F. 6 

GOJ'iE HJ-RDWIPJ: CONSIDEPPTIONS 

t».l TheoiY practice always tend to differ tc a 
certctin extent. It is therefore intended to mention 
here a few points of practical interest. Also there 
is that inevitable "scope for improvement". Hence, a little 
speculation on these lines appears warranted, 

6,2 SIZE cg^s IDE RATI OHS 

The components used, in the receiver and transmitter 
are of indigeneous origin. The receiver circuitry envi'*- 
saged is not complex and uses a fairly low number of 
components. There are only 10 transistors, 7 digital 
IC chips and associated circuit elements. A photograp h 
of the receiver is affixed on the facing page. Its 
overall dimensions ; are 15"'csi:ns x 7 ems x si ems, a size 
slightly on the larger /sid-i for a shirt pccket. The size' 
was dictated by the individual cempenents many C'f which 
were not miniature. They were used because of their ''off 
the shelf'* av^l^ility .^Also the pc card size was 
dictated by the aveiilaJ^le etching technique.. With a 
careful layout and superior etching techniqvies, it is 



possible tc achieve a smaller p.c. card. Further, 
conventional -sc.ldering technique demands a minimum 
spacintj cf cernpenents because of accessibility consi^ 
derations c-f scadering points by the soldering iron. 

Fith ciip soldering techniques packing density could be 
increased resulting thereby in overall size reduction 
of the receiver. 

6,3 CIRCUIT iSHD DEVICES 

Quad 2 input hand gates are available on one IC 
chin. To reduce the IC count# both the monos table and 
as tail le multivibrators were connected up using the same 
IC. However, it was. observed that there vras interaction 

' ■ ' ' ' ■ . ' ' ■ ■ ■■ " b' ■, V 

and the individual , timings could not be adjusted indepen- 
dent of each other. There was also a tendency for 
wrong locking up cf ^edges. QSiis v^as so because of the 
spfke that occurs in the output circuit cf the TTL logic 
V7honever a transistor is cut off thereby causing interactic 
through the common power supply line. Hence the two 
multivibrator circuits had to be connected up using two 
separate ICs after s'uitafc'ly decoupling the poi'^er supply 
tc each for isolation. 

There is one inherent drawback in, using these logic 
gates in mnltiFibra|^Qy:.vGpi;^,igw^^ons. Such circuits rely 

i-f X:' 1 '■ ■' 'r' . '■ 0 

on the threshold of the. device which may vary from one IC 



to iinothGr, Sc associated v^ith an IC replaceitient the 
timings have to be readjusted. 

In order to minimise the loading effects oh timing 
circuits 0*^hich causes change in timings) it is prefe- 
rrat'le tc use a buffer device like an inverter buffer bet- 
ween the sc.urce and. load, 

S.4 PgiER SUPPLY 

In paging applicaticns the receiver size gets a 
pareaaount importance. Hence there is a need for using a 
small sized battery like t-Vc ones to be found in pocket 
size ccmciercial receivers. In the present application 
the standing drain is about G mA and. the peak current is 

' -V f.f. ' , . ' ■ ' 

100 nA. .An indigeno«us9V miniature power pack was used 

■*. V. ■ 'f , I,' '■ ■> - ' ... ^ ■ ■■■ ■ 

and it was found to Le lacking because the outnut 
voltage drcpped down to 7.5 volts. This poor . regulation 
is attributable tc high intemcil impedance. Either a 
similar dry, cell with superior performance could be used 
or alternatively rechargeable l^JiCd batteries could be 
used. The advantages of the latter have already been 
mentioned.- . 

By using I. ’.OS „ devices for logic, the existing current 

consumption cculd.be su^^st anti ally reduced. Ha^jever Mas 

, I', IC- • .f- ' ■ 

devices .are ,not indig^n^jtrsp^l^'s-ysxlable as yet. 
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CONCLUSION 

7*1 In tha foregoing chapters a methodology has been 
developed for designing a selective signalling system 
^/hich can operate in a confined area cf space or loca- 
lity. Ti'.e concepts ■ underlying the methods of originating 
r selective signal,' its reception and processing are 
reliable and realis.^le in pratice. The suggested 
prototype does not envisage use of any sophisticated 
techniques and hardvrare wis^ its execution is also 
net cdcaplex. In fact the ^digital techniques employed for 
generating cind processing the code could be used in tote 
for applicaticn in seioidtive'' signalling systems of ether 
types, e*g, VHP carri er'sy intern’, 

7.2 TTith the grex^th 'of *the state of ‘art in hardware 
technology incligenously one can visualise an enormous 
system 'simplification, iis an illustrative example, the 
system could use FSK and at the receiver end one could 
use a single phase 'Iddk loop iC chip and single serial 
to parallel ’ cenvertof tC chip, thereby dispensing with 
the detector, buffer, wave shapiiig dnit and all the 
circuitry assCciat^d %ith iMo' se'rial ' to p^araliel 'conversion 
of inocEiing '"cod^T'"^'''^^'' re'e^tV#^ si'ze ^uld then become 
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really r.iniature, vThich is Q great advantage in paging 
applications. 

7,3 JsfQii'.. there be, the saiRe inductive loop system can 
be exten' .ed to cover fairly larger areas by laying 
adjoining loops which work cn the receive- retransrait 
principle. However, extensive survey and field intensity 
m C£su3Ei£ients ha.va to be made befcrc; eHibarking on a project 
of this nature, 

possible 

7iC There is one interesting extensicn/to thife induc- 
tive loop method of selective signalling in built up areas, 
nta 0 i(aj.ythe power line carrier system. The selective signal 
puid be injected intc the power system by suitable means. 
The transmission of intelligence can take place simul- 
tane-rously with the electrical energy and without mutual 
interference. The receivers can operate on the principle 
of induction, 

7.5 In Chapter 4, an expression has been developed for 
calculating the near field intensity of the loop antenna. 
'Jith a knOTledge of the receiver sensitivity one can 
obtciin the minix.iiam field strength that should exist at 
any particular point for satisfactory receiver operation. 
Knwring that the magnetic field intensity is directly 
related to the current flowing into the loop, one can 
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cclculate the current requirements to give the required 

minimum field strength. This is the theoretical approach. 

However there might be losses due to shielding in RCC 

structures. Published reports irhich enable estimation 

loss 

of this kind of/cculd not be traced. Hoi*rever, it is 
a customary engineering practice before establishing any 
cmmunication link to carry out preliminary trials by 
measuring field strength at various points before deciding 
on pcx»»er levels. This method is more preferred and 
reliable than theoretical calculations, in the present 
application it is suggesjtedi that' §uch an approacSi be adopted. 
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APPENDIX 1 


For the purpose of prograitiraing the end rosult 
derived had tc be arranged into a neater form, and the 
partial derivative worked out. It is arranged as below. 


P(x) 


= Pi In [(-i 1 

4 . /P^ 4. 


Pg + ^Fe + X2^ 

* ( ) ] 


3 t /P5 + Fj + ^Fg + X2^ 


Let the first half of expression be equal to A. and the 
second half equal tc B. 

3pix) - „ .. 1 { B X +A».*|a } 

iiKk 


W 


^1 ^ AB 


he 




^ _ _ 3 _ ( ^1 ^3 + 

P2 + 1/P4 + x2 




= [(r2 +/ P4 + x 2 X = 


X, 


P3 + Xj 2 


- [(?iV/F3Tx][2)^ 


D> 




(P2 + ’^P 4 + 


Listing of the prograsj is gi^n en next page, 
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44 


47 
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GIR.IOn 
AIRFTC »A!n 

DI-'iEMSIOn ARHAYCRo 
HATA ZERO/BHSifti/ 

INP»5 

lOUT-fj 

lOOG FOR'IATdfFlOj}) 

REA'JcnhMoo.i)^, «. 

COMST=CUtir!T/(4*-:f'5f‘;?5!T 

3L«AL ='«15':) 

BA*=AA 

AB“AB+5.G 

I K»2. il!*A.R+l.i;) 

AL*AL+5.I’ 

IL-2.n*AUl.lf- , 

AA«AA+5.f ; 

I A“AA*2. R+3,. I'l - 
H-l.nH+32 
URITF(|OUT,inQ6) 

AK«»fv 

Y=AB-A!C+1.0 
IF (¥+0.5)42/41,41 

no 200 i*i;it 

Al*l 

Z=AL*AI+1.C/ 
f F (2+0,5 >43/ 44/44^'. • 
ZAB«2-nL ‘ 
zcr=z+BL / 

ZA«ZAB+ZAB . . 

Z3-zcn*zcn , 
no 1,00 jsi/fV 

AJ® J • 

X«AA-A,I+1. 1' ^ 

IF(X+0.5)4'5/47/!7 i 
XA3®X-BA 
XCD®X+f?A 
XA=XAB*XAR^‘ ■ 
X8®X(lD*XCn 
I F(Y) 3,11/0 
tF(XAn)l,l,4 
IF(XCn)4, 2,2 
IF(ZAB)3,10,3 
IF (200)4,10,4 


IFCZAn)5, V 
iF(Zcn)s;^ 
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$ IB. JOB 
:iilBFTC r.Ain 

DIMEf'SSIOr* ARRAYCSB^nB) 
BATA ZER0/3HfifiB/ 

1MP»5 

I0UT=6 

IBOn FOR'1AT(4F10.4) 


REAf)(| !!P^ 1000)AL/AA/AB,ClfR'!T 
CnnST=CUrU!T/(4. -'*3. 141SB) ‘ 
BL=AL 


BA=AA 

AB=AD+5.') 

I K=2. B»ab+ 1. 10 
AL=AL+5.B 
I L»2. n*AL+l.lfi 
AA« AA+ 5 . B 
I A“AA*2. 0+1. in 
H«l.nE+32 
miTFCIOUT/lOOB) 

1000 F0RMAT(/////7//////////////ihi) 

no 300 K»l^ I !( 

AK=K 

Y=AB-Af(+1.Q 
fF(Y+0. 5)42/41, 41 
41 no 200 1 = 1, I L 
Al=l 

Z»AL^A|+l.fJ 


IF (2+0.5)43, 44,44 
44 ZAB=2-BL 
ZCr=2+BL 
ZA=ZA!3*ZAB 
ZB=ZCD*ZCn 

no loe j=i, lA 

AvJ-J 

X=AA-AO+l. 1 
IF(X+0. 5)45,47, 47 
47 XAB=X-BA 

XCD=X+BA 
XA=XA.n*XAB 
XB=XCD*XCn 
IF(Y)8,11,0 
11 IF{XAB)l,i,4 

IF(XCn)4,2,2 
IFCZAB>5/10,'3 
IF{ZQf»'l|,10/4 ■ 

If (Z'AB75y 

, v' ' ’ ' ' ' " 
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84 
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1 ii 

ihi 

40 

1001 
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200 
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400 

45 
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f F(xcn)n,io^8 

rtf!" P^THP 
l/xAB,XCM^Yl)^^ 

JZAlll'HYtl^^ '^^'^’‘^^"'^^^'^^*^^/''''*'i^+XA/Y*Y+X3/XCD^XAB^Y*Y+XRy Y*Y 

^CAU PATOE <-CO?^T,XAB,XCn,XA+ZR,XB-fZO.XCD,XAPvXO+ZA,XA+ZA.Y 

fF(fJXl-ZER0)S1^12^Hl 
IF (HY1-ZER0>82, 12# 8? 

IF(HY2-ZEn0)83#12#83 
IF {[lZ2-ZEnn )n4/ 12/ 84 

ARRAY( I / J)=S0RT{HX1*HX1+(HY1+HY2)* (HY1+HY2)+HZ2*HZ2) 

IF(H-ARRAY(l/J>)100/100/0 

yRI TE(lf>UT/10QR)X/Y/Z/XA3/XCr)/ZAB/ZOO 

FOHflATdX/* ERROR */10F13.4> 

yRITE(IOUT/lOOO)X/Y/Z/XAB/XC0/ZAB/ZCD 

FORf1AT(10(lX/O12)) 

GO TO 10 
W=ARRAY(I/J) 

HK=Y 

HI=Z 

H. i«X 

GO TO 100 
ARRAY(dJ)=0.0 
CONTIOUE 
KLJ=d-l 

V«ITE(IOUT/1001)Z/ (ARRAYCI/ J)/J=1,!<LJ) 
F0R'1AT{1X/F5.1/,5X/15F8.5/(11X/15F8.5)) 

PUNCH 1007/Z/(ARRAY(I/ J)/iJ=l/KLJ) 

FOR?tAT(lX/F5.1/ 7Fl0.5/(nX/7FlC.5)) 

CONTINUH 

DO 400 (J**l/ I A 

AJ*iJ » 

ARRAYCl/ J)=AA-A.J+l»n . 

IF(AR2UY{1/ J)-f0.5)45/400/400 

CONTINUE 

l<LJ»J-l 

WRiTEd OUT/ 1002) 

I . 'R I T E ( 1 0 U T/ 1 r, 1 0 3 Y/ ( AR R A Y ( 1 / d ) / J = 1 / K L J ) 

PUNCH 1007/ Y/ ( ARRAY ( 1# d)# d= 1# !<L J ) 

F0RMAT(1X/F5. 1# 5X/ 15F8. 2/(llX/ 15F8. 2) ) 

FORHATC///) 

WRITE(10UT/1OO2) . 

CONTINUE' ^ ' 

WRITEdOyTiiOOj?) 

WRI TEd OUT/' 1002;)' ^ 

v^R f TE d ouT^ ir'" . 



1003 Pf^rjiiATcioX/ * ''5|{! Value *‘P?? •; * at v ? « i 

t'iUTEdOUT.lOOO) fFS.5>* AT Y>Z>X *^3F10.?) 

!5IP.PTS}fRl 

.^OrROUTI he PATHF. (PI, P2,P3, P»i, P5, PB,P7,P.R, Pf), VAR1,VAR2> VAL) 
DATA ZERD/3H$;U/ 

CALL PHI FFCP2,P3, Pi!, P5/,/ARl, TEMPI) 

CALL PniEF(P6, P7,P8,Pn,VAR2,TEflP2) 

IF(TEMPl-ZERn)01,C,01 
01 IF(TEMP2“ZEnO)02,n,^2 

92 IF(nn«T(P3,P5,VA01) )3,0, 3 

3 IF(UODT(P7,PO,VAR2))lt,E,4 

4 A=aOOT{P2, P4,VARl)/RODt(P3,P5,VAPl) 

B=UOOT ( PO, P8 > V AR2 ) /ROOT ( ^7, P9, VA^O 2 ) 

IF(A*0)5,E, 5 

5 VAL«Pl*CTE:iP2*A+TEflPl*3)/(A*n) 

PETURM 

G VAL-ZERO 

RETURfl 

EMD ' . ^ ■ 


${nFTC SYHZ 

SUOROUTIPE PDIFF(P1,P2/P3,P4,VAR,VAL) ' 
DATA ZERO/ 3Hf!;f4/ * 

IE :lPl=SnRT(P4+VAR*VAR) 
TO*P2=»SnRT(P3+VAR*VAR) 

Tr.:iP3=P2+TEE1Pl 
TEriP4=Pl+TEMP2 
IF (TEMPI >1,4,1 : ' 

l’ IF(TEMP2)2,4,2 *4 

2 IF(TEMP3>3,4,3 

3 TE:4P5*TEMP3*VAR/TP1P2 
TEMP6=TE:5P4*VA!UTEr-1Pl 

VAL« {TEMP5-TP1P0 ) / ( TEnP3*TEMP3 ) 

RETljRfl 

4 VAL*ZERO 
RETURH 
'EMD 


$iBFTC 3UB3 

FUrSCTlON ROOTC PI, P2, VAR) 
ROaT^Pl+SaRt CP2+ VAR^VAR) 
RF.TURH '■ 

EfID 



C/RD SPECIFIED AS BELOW 
WALF LOO? DIHEHSIOMS ARE 5 MTS Bt & MTS 
THIRD OTY REP.RESEMTS MO. OF 1 TERATJf WS/ 1 F 
CURREMT IM THE LOOP IS O.ISS AMPS ^ 

********************»***************^******^^^^^^^^^^^^^^^^^^^^^^^^ 
I -'PUT DATA CARD BELOW 


G ITERATIOflS IM Y DIR 


5.0 8.0 0.0 0 . 1 G 8 


************^***ie**'k-lt*ie*************'k*'k**-ifk***-ii*icit****it'********ie*** 

7- X !M MTS 


MTS 



13.00000 

12.90000 

11 r\ A *'•' <■> 

X .a» • U -.7 u *> 

10. 00009 

0 p P A n 

t-j 0: A '.,y ■ -■ ' J* 

R. oonoo 


5. '‘'GOOD 

5. 00000 

4. OGOOo 

3. 000:M 

2.99000 

1 p P n p n 

rf* • 'Jf w w ' , 



10. 0 

0.00002 

o.':on72 

n f' (1 n g L 

0* 0^096 

0. "0109 

0*>0ni25 


:;•. I'0147 

9.00157 

9.0C1GD 

0. 90172 

0.89177 

0.^0173 

9.:' 

3."''T'72 

9.00085 

0 .'09099 

0. 00115 

0. 00134 

Oi 09152 


^.'“:0105 

?. 00198 

0. 00'2r:9 

0.C0217 

0. 09222 

Oj 90226 

R . •: 

O.:'KJ'''02 


0. OCllO 

C. 00149 

0. 90104 

■ 0.* 90189 


0.:':G235 

9.09250 

0.00253 

0.00273 

0.0,0279 

^0,:a0283 

7.0 

0.00094 

0.00114 

0.90139 

0. 00158 

0.00209 

Oi 00233 


0.00291 

0.00312 

0. 00328 

0. 00339 

0. 00345 ■ 

a,. 0.0550 

6 , r- 

r'.O'OlOG 

0.00131 

9.90152. 

-0^90199 

a, 0024,1' 

Q •,092.8 3 


9.^0550 

?. 00301 

9. 00393 

0.00411 

0.00419 

0'^09423 

5.:-' 

O.PGllO 

0,90147 

0,00185 

0.00230 

9.,D0282 

0^,9033,5:. 


0,09422 

0.00459 

, 0.09453 

C.0C>481'-.' 

C’ 8 A 

0vCQ491. 

4.^^ 

0.00128 

0. CGIS 3 

G'..0Q2QS' 

0. ?^0250 

0. '09329 

flw,fi93R2 


0.00479 

0.00503 

0.90527 

Q,. .0.9 53 8 

0.':00545 

0.90548 

3. 0 

9^ rr-130 

C.0'017G 

'0.90224 

0,09204 

n.C0351 , 

OvO'0410 


0.00523 

9.00553 

9. 90570 

• 0.00580 

O.,0Q5P5 

0,00587 

2.0 

0.90145 

. 0,^00185 

9.00238 

9.,O0392 

■' '’0.00374 

'0.445 


'■\"'0552 

0.99581 

,.,9.00507 

0.9.1595 

0.00503 

0*'095lO ' 

1.0 

0.09149 

0.00192 

"0. 00245 

0.00312 

n. 00385 

0. 0C459 


0,00597 

O.f 9595 

9. 00 nil 

0.00518 

0, COT 21 

6. 90522 

-0. 0 

0.09151 

G.' 0019 4 

0.09240 

9*v9.0319 

0.00391 

Of. 0045,5 


9.00572 

0. 005 00 

C. 00515 

.'x p r». p 

• ff'' » ■’ €* I&, 

0.-0925' 

Q,C0526 


* * ' J » f 4 - i., V • ^ e* i&w ^ * lift. ^ w 1 . ^ 

AlOVE VALUES 'AflE AT A HEIGHT OF 5 MTS ’J^**^^*^^^*^^**^'^****^*^’*^^^^’*^^ 




o,c.:.ii2 ■o>'’'Ci5i, a.msi, 

0.G022«^ Or'C,:.*2;$l n. 00234 

n. p01,#5 I'C W72 ■ 0, CO20 5 

O,0031’2' .'.'4.''^'^3'20 0.^03:25 

'/’O, '(3232 0. 0021^4 

•0,0044^' O.f’04R0 0. n04RB 

. 0-,.Gn3:24 4. £0-417 - 


■ O.r.1151 n.^lX32 0. OHIO 

0.00634 .'!. 00075 0.01327 

01143 n.nill3 O.rinoR 

-kit 


n.niio 


00 

17 

,.07.. 

"■••:: 02 36 
■". 0 0031 

«''.r'-,323 

7.. "' 0.0 01, '6 

,0. '045:: 

5.0' '}. 00121 

0. 'V'.617 

5.0. O’. "'0137 

G. 00704 

4.0 '•'.0'^152 

C. ''■0323 

3.0 0.''ni65 
0.0 00 >3 5 

2." 0.00174 

G.01')"'5 

1.0 O.roioo 
0.010 10 

-3, 0 0.00102 

f ^ fjjr-io 

;nOVE VALUES ARE 


• ' <J'j.! 4 
0.0.0255 
1^. 0"'112 
0.0035! 

o;:.i33 
'".00405 
0. GO 15 7 
0. 00650 
0. 0"'1"’2 
C.'"’0n34 
0. O02C5 
(;. 0005 2 
0. CO 225 
e. O' 00 06 
O."’ 0230 
O.Glor'r, 

:). 00240 
n. rhinos 
0.00251 
0,. 01001 
AT A HEIOHT 


"Cl 70 
0 . oosoo 
c.'‘C207 
0. 000 04 
". c"'24.6 
0. 'C'COSS 
". 00 20 3 
0. ."'caoi 
r"-;313 
i). .'0305 
'0. 00335 
0 .. 0 ''nQ 3 
0. 00340 
0.00003 
0.00352 
0 . '"00 79 
OF 3 MTS 


iO. 00161 
G. 00287 
0. 00210 
0. 0.0331 
0. "0277 
0. "0534 


■0. CC107 
0.60292 
0.00251 
n. 00396 
0. 00341 


0. 0-0 2 76 


00364 

J t 

"0464 

0. O07f\0 

'.J • 

n f'i y 

r\ 

1 > » 

00713 

0. •')0339 

n . 

6 0463 

n 
'■ • 

00602 

". "0805 

r\ 

0 0, 7 

n 

• 

60'072 

0. 6 0:30 7 

P. 

00551 

vi • 

"07 20 

0. 0006 2 

.0 
• .’ • 

06961 

0 . 

00960 

". O0443 

r> 

' > • 

"■0616 

0 

0079 7 

0. ."'090 7 

P 

6"vO 70 

0 . 

roQ75 

0.00474 

u • 

.6.0655 

n,. 

00030 

C. "09 70 

rv 

00066 

A 

06959 

0. 00491 

n. 

06f 75 

0. 

0005 7 

0. 60964 

n! 

00956 

0. 

00941 

•0. 604,97 

0. 

or)66i 

O', 

09^.63 

O.00953 

0 . 

00944 

A 

f / « 

00035 


1 '. 

A 
' / 

0 . ."0066 

0 . .'00 001 

0.60095 

0 .C .6112 

■ 0 '*"C 151 , 



c. nnioo 

0*09203 

0 :,Gt '215 

0 . 00224 

. 0 ;r'C- 6 * 2 ;$i 

9 . 

P 

0 . 000 no 

G. 00097 , 

■ 0 ^PO 119 

n. poi .45 

:.G.. 6 )^' 1'72 



0.00260 

, 0.06202 

■O *"0299 

O.G'D 3 l 2 ' 


0 . 


0.90094 

".60117 

6.06147 


.'■/O. ' 023.2 



0.00376 

".00409 • 

''■.00433 

• 0 ;o 0#>9 

0 . A 0460 

7 . 


O.noiin 

0.00573 

0 „:G (;141 

0 ,.: 096 20 

0 . 601.64 
6 . 6065 O' 


, ?f.£^ 3:24 

6 . 

■r, 

n . "0127 

0.00160 ' 

.".'•GO 2 29 

•B. 90322 

0 .T "461 



0 . 6" 001 

0 . "::";9 40 

6 . 669 Of: 

O.OliOO'O 

■ ".■noil 

5 . 

0 

0.00145 

0.90107 

6 . o-iin 

0 . • 0-6413 

0 .. 066 34 



".01250 

0. 01200 

r. •'■ 1315 ' 

0.61323 

0^ '01326 

4 . 

0 

C.COIOI 

0. 00224 

/'s n 9 r. 

V y ,» y -7 A. t -f 

6 . .cr; 400 , 

" . 06799 



0 .ri 437 

"1431 

6. 01416 

0.".1402 ■ 

6130:3 

3 . 

n 

").C .0176 

0 . . 0:0 247 

6 . 01364 

6 . 6 C 56 4 

f X A r- r, Q 0 



0.01437 

0. 01307 

. '1344 

0,91313 

" ! :O 1203 

2 . 

f. 

0 . onio .6 

. 9. 00294 

')...O 03 'Gl 

0.0 on 05 

A-. :'0942 



0.01393 

0 . 01 3 2 O' 

n. 01:259 

"'."1216 

•). 91192 


- 0.0 oiooi 
0 . 0 1 j 
BOVE ¥7 LUES / 


n. 00655 
".f' 1.017 
0. "0326 

0. 61327 
0.01155 
■". 015 6 7 
0. 01263 
"■;. 012 o 5 
0. 01306 
n. 01170 
0.01323 
0.01116 
0. 01327 
0. 01.-.96 


